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PREFACE. 


W TTTLFj many jjliasos of the fennenfation and diw- 
tillatioii industrios have attained a high plain' 
of dovcloinnont in tliis (‘ountiy, the <iutstioii 
of denatuied alcohol for commercial pm])Oses lias played 
no jiart in onr economic and industrial evolution, owing to 
the prohibitive tax with which sjiirit has hitherto heim bur¬ 
dened. When (’ongress passed the .Act of .luue 7th, l!)(Ki, 
which jiermits the use of tax-fee, denatured alcohol, and 
which became effective on the 1st of .lanuary, ItXiT, the 
.American agricultural and manufacturing producers weri' 
give'll a new and vastly promising tiekl of endeavor to e.x- 
• ))loit. F(‘W are' tin' inelustrie-s wliie'h are not bt’iefite'ei by a 
tax-free inelustrial alceilml. 'I'he niiinufae'turers of e'ountless 
e'onnnoelitie's iire' ]ire)videnl with an effe'ctive means for the" 
re'ilue'tion ol" oiie'iating e-ost, wliiU' the farmer is offereel ;i 
liractie'ally unlimite'el outlet neit emly for the' prexluce of his 
land, but as well feir vast epiantitics eif material, wliie-h has 
hitherto be-en vahu'le'ss weiste. 1’he' .\nierie"an literature on 
this subjex't is a ve'ix' liniiti'el one', anel the jire'sent volume', 
it is hojM'el, will su|))ily a nee'eh'el tre'atise' on imhistrial al- 
e-eihol, beith foi" e'llucational purposes and for use in jirac- 
tie-e' by the' elistiller iinel e'onsuiiu'r. 

'I'he wen k is baseil e>n Dr. Max AI:ie*rcker's “Tntrodue'tion 
to Distillation,” as revise'el by Dr. De'lbriie'k in collabora¬ 
tion with Dr. Lange, 'fhe,' ” liitroeluctiem” was inteneh'd 
s|>e'e'iticall>- as such for Dr. Maere'ke'i ’s ” Hand Boeik of Dis 
tillatiem.” ree'ognizeel in (iermany anel the xvorld over as 
(uie eif the' most e'omjire'hensive' anel authenitative weirks of 
its e'hai'iie'te'r. 'I’lie “Introelnctiein” was designeel for the 
use' of stueh'iits anel (iractie'al elistillers, anel was, therefeire'. 
written as far as jiossiblo in non-UH'hiiie'al language. The 
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present book comprises practically the entire text of the 
“Introduction,” but so extended, revised and enlarged 
that tlie resulting volume constitutes an intenviediate work 
between tlie “Introduction” and the “Hand Book” of 
Hr. Maercker. The intro<liictory section on the indus¬ 
trial V’alue of tax-fiee alcohol, as well as those sc<‘tions 
dealing with the denaturing of alcohol, its use for lighting 
and heating, and the statistical data, were written especial¬ 
ly for this hook by Dr. Charles .1. Thatcher. 'ITie dis¬ 
cussion of alcohol for fuel ])ower purposes, based largely 
upon the investigations of Piofessor Hugen Mc'ver, ol Ber¬ 
lin, is niy own. Acknowledgments ai’e due to Mr. .Joseph 
H. Allen and Mr. Whidden C.raham, of the Committee of 
Manufacturers, for extended infonnation regarding do¬ 
mestic and commercial devices f(vr the utilization ol de¬ 
natured alcohol, as well as for v'aluahle data in regard to 
the iR-nefits to he deriv"ed fi-om tax-free alcohol, here and 
abroad, and the conditions obtaining in its use. 

The great European source of industrial alcohol is the 
))otato. Hi) to the ))resent time this vegetable has not come 
into general utilization for a similai’ i)ur])os<* in this coun¬ 
try, and the present sources of spirit in the United States 
are found in the various grains and in certain sacchari- 
ferous raw materials, such as the sugar be(“t and molasses. 
1Tio peculiar suitability of the potato for alcohol prodiu*- 
tion on a large scale will doubtless soon bring about its 
wide em])loyment here, too, for this purpose. The present 
v'olumc deals ahno.st exclusively with the nuniufacture of 
siiirit from potatoes and grain, while the other suitable 
raw materials, the utilization of which is more limited, 
have, of necessity, been dealt witli in a very brief manner 
only. 

The principle of the natural pure yeast cnltme has been 
developed mainly in Germany, where the science of fer- 
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mentation liaa attained a level rivaled in but few of the 
other nations. Dr. Delbriiek, one of the foremost (lerman 
fennentologists, lias been elosely identified with the devel- 
ojnnent of this proeess, wbieli is of the very greatest im- 
]K)rtanee in sueeessful distillation. In this treatise the 
]irineiple of the natural ])ure yeast culture in aeeordanee 
with the best (Jerman iirat'tiee, has been discussed as 
thoroughly as possible, in order to em])lia.size the rule, as 
stated by Dr. Delbriiek, that, “the best results ean be 
attained only when the natural culture is combined with 
the absolutely pure culture of the yeast.” 

Needless to say tlu* (lorman jiublisbers have authorized 
the use for all Knglisb-siieaking countries of Dr. Maerck- 
er’s “ IntrodiK'tion to Distillation.” 

Joiix K. Brachvouel. 


Nc.iv York, Fehruari/, 1907. 
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INDUSTRIAL ALCOHOL 

ITS MANUFACTURE AND USES 


THE INDUSTRIAL VALUE OP TAX-FREE ALCOHOL AND WHAT 
IT MEANS FOR OUR AGRICULTURAL INTERESTS. 


T I11']JiH is no inon' iinpoi’tnnt faetoi’ in material 
))iofj;i'ess tlian the siipiiiy of fuel. Its [irioe is a 
vital matter to ail elassc's of society, and to every 
indn.stiy from agriculture to steel manufacture. For even 
the farmer, who has been the last to substitute power- 
driven machinery for manual labor, lias felt this the uni¬ 
versal imiiulse of the age and, as will be shown, is iiiereas- 
ingly demanding fuel for this purpose as his woodland 
sujijily disai)|iears. 

The position of the agricultural industry is in some re- 
sjiects a characteristic one; like nearly all the others, it 
may soon be dependent on monojiolies for fuel for jTower 
generation. For there have been iiractically no other 
sources of jiower in this country than coal and oil, and 
the control of these has jias.sed into the hands of a few 
individuals. Ifut Congress, when it provided for the de¬ 
naturing of alcohol after January 1, 1907, did for the 
agricultural industry more than it has been able to do 
for any other; it made ]>ossible thereby the new use of 
its products, and in vast qxiantities, for the manufacture of 
a fuel, and gave the faiTuer a chance to compete with the 
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coal and oil Industrie's as a ]n'odn(“ov oi‘ a I'nol to drive liis 
own niachinciy as wu'll as that of otlier industi'ies. 

This noAV use of farm prodnets was made possible solely 
by the I'emoval of the tax of $2.07 per gallon on aleohol 
wliieh lias been denatured, that is, renderc'd unfit for in- 
tevnal use. (train alcohol, even for industrial uses, has for 
many years cost on an average $2..j0 per gallon in this 
I'ountry, almost ten times as much as if, should, and only 
heeause of this fax. The removal of tlu' lattm- means that 
denatured aleohol will soon cost at h'ast not inori' tSan 
gasolene. It insures, at this ]iriee, tlu' sueet'ssl'ul com¬ 
petition of alcohol Avith gasolene as a fuel for internal com- 
Inistion engines; the gri'at advantages of ahaihol for power 
generation es])ecially in small units has long been a demon¬ 
strated fact. 

The Increasing Use of Small Motors and Demand for Cheap 
Liquid Fuel. 

That the farmer is rajiidly adopting the use of motor- 
drivi'ii machinery is the opinion of comjietent authorities. 
The advantages of these engines are so obvious that it 
will not he long before ev'ery farmer will have to use om; 
in all the various operations of tlu‘ farm. Leading manu¬ 
facturers of agricultural imi>lements are making arrauge- 
meids to manufacture motors of this class on a large 
scale, and experiments are being made by th<> jirominent 
thresher manufacturing comiianies to jiroduce a perfect 
portable farm engine of this type. They await favorable 
motor fuel conditions alone to adopt it entirely. At the- 
hearing before the Committee on Ways and Means of 
the Ilous<‘ of lve])resentatives, held Cebi'uary 8 and d, 
11)0(>, .7. ('’. 'Wames. representing the International Har¬ 
vester Conijiany, stated that at the |)resent time tlu' gen¬ 
eral utility of the small engine on the farm is recognizc'd 
more by the agriculturist than ever before. H(‘ finds it 
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iispfnl, for oxartiplo, in puin)'iiiji; water, priinlinp: food, 
tlirosliiiif>: giain, slH'oddiiig foddor, sawing wood, and op- 
oiating oliurns and or<‘ain soi)aratoia. Tlio application 
of alcoliol can ovon 1)0 I'oadily oxtondc'd to tractors, with 
favoT'ablo’ juices on fuel, so lliat it will not ho long hoforo 
)K)Wor-di iv(‘n grain harvoslors, inowora, jdows, corn liar- 
\ostors, cultivators, and many similar farm iinjilomonts 
may take' the jilaco of those now in use and thorohy effect 
a consiilorahlo saving in the cost and maintenaneo of an 
oxtia ti'am. 

'fliis ri'fors, of course, to the fnluri' use of internal com- 
hnstion motors on the farm. In tlu-so the firi'-hox is in the 
cylinder itself, when' a gaseous mi.xturi* is exjiloded; its 
situation is not extiunal as in the generation of steam 
from coal, 'fhe actual and widesju'cad use in other lines 
of this kind of engiiH> is well known. The authority just 
ijuoted stated that tl)0,t)IM) is a conservative estimate of 
the mimlx'r of stationary engiiu's of this tyjie mauufac- 
tiP(>d in IttOf) in this country. 'I’o this should he add(*d 
at hast 2.u,(l(lt) engines annually manufactured for au- 
tnmohile juiijioses, so that with those alread>' in use. not 
less than .SdO.OOO explosion motors are now in u.se in this 
country, 'fhese (uigines will jirohahls" average* S horse- 
jiowi r, and each (‘ngiiu* will consunu* in a day of ten hours 
a|)|U'o\imat(*ly td gallons of gasolene. If there are .‘Idd.ddd 
engines in this country running on this basis for one day 
it would nu'an a consumjition of ■‘l.ddd.dttd gallons jier day. 

'Phis estimate of ,\Ir. Warm's is largely illustrati'.e. hut 
il is in accord with that of othi'r authorities. It means that 
the* total demand for gasolene, henzene, et<*., in this coun¬ 
try will soon exceed 1,Odd,Odd,Odd gallons annually. 'To 
this is to he added the (piantity to he e\|iort<*d each year, 
which in l!td-t, according to official figures, was 24,dS;),422 
gallons. In ordi'r, therefore, to sujiply onr own demand 
for gasolene, etc., and to I’otain the volume of our exjiort 
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trade iii tliesse artieles, we will need in tlio near future not 
less than 1,025,000,000 gallons annually. 

Insufficiency of the Qasoiene Suppiy. 

Gasolene is a hy-])roduet of tlu* oil industry, and U'ss 
than 5 {)er cent of it is obtained from eastern crude ])etro- 
leum and praetieally noiu' from that found in California, 
Te.xas, and other states, from whieh the largest ])art of 
our oil supply now comes. But the demand for kerosene 
< 111(1 the he<avier oils whieh comprise the prineiiial products 
of petroleum does not Ix'gin to increase at the sanu' rate 
as the demand for gasolene; and the rate of im*rease of 
this demand is retarded only hy tlu' high ]irice of this, the 
only fuel hitherto available for motors. 

On the other hand, tlu' statistics of ])roduction show a 
decrease during 1!)05 as compared with the juevious year 
of 4,720,700 barrels of jietroleum in the yield from the 
oil fields of Pennsylvania, Ohio, and Indiana. This, al¬ 
lowing 42 gallons to the barrel, means a falling off in one 
yenr of 198,2()0,400 gallons of the grade of petroleum 
from which gasolene is obtained, or a decrease of nearly 
10,000,000 gallons of gasolene in the last year, computed 
as 5 jior cent of the decreased cimde oil yield, in 1004 the 
total (piantity of gasolene, benz(*ne, naphtha, etc., obtained 
from crude oil in the United States, was 244,074,1.‘5*.) gal¬ 
lons. This is but one-fourth of the (piantity which, it is 
estimated, we will soon ne('d annually to run our internal 
combustion engines (>ight hours a day, and this annual 
yield may continue to de(*r(»ase at the rate of 1(),000,0(K) 
gallons per annum as it did last year. 

The price of gasolene has doubled in the past ton years, 
and it is evident from the above that in a short time it will 
reaidi a prohibitive jirice to all but wealthy owners of auto¬ 
mobiles and motor boats. 
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The Possibility of Practically Unlimited Alcohol Production 
in This Country. 

The decrease in oui’ gasolene su])])]}' and the aceoinpany- 
ijig increase in the deiiiatid and price thereof constitute an 
all-sulTicient cause for the suhstitution of some licpiid I'uel 
for gasolene in the near futuiii. Alcohol provides such a 
substitute, and a satisfactory one. In the first place, it 
<'an he ])roduced in almost unlimited amounts in this coun¬ 
try. Jt can be obtained from all substances containing 
slarch, sugar, or cellulose, such as ))otatoes, corn, corn 
cobs and stalks, grains, cane and beet sugar i-efuse and 
molasses, and even from grape skins, lees of wine, and 
•sawdust. J*’i’om i)otaloe,s 275 gallons of alcohol are ob- 
taiiH'd ])ei' acre*, (lermany, in the campaign year, l.i)04-5, 
obtained t'l'om this ci'op alone about HO,000,(»()(! gallons of 
alcohol. \\'(; should ha\'e no troubh' in making much more 
than that ipiantity yearly fi'om our potato crop, especially 
in favorable years like the last. Our coin cro)) of 1005 is 
(.‘stimated to have been in round numbers 250,000,000 bush- 
•is mor<i than in ltK)4. It has been absolutely established 
that 2.G gallons of !)4 [ler cent commercial ah'ohol can be 
obtaiiK'd from one bushel of corn, which would give (idO,- 
()()(),000 fjdlloHN dj ((IcdIkiI fioHi, one i/e<ii'\‘i iiicre.o.se in our 
coin Clop, 'riiis is about 24,000,000 gallons of alcohol 
more than the total ipiantity of kerosene and gasolene con¬ 
sumed here last year, which was about (ilti.OOO.OOO gal¬ 
lons. 

With regard to the amount of siiirit which can be ob¬ 
tained from corn stalks alone, the Hon. .lames tVil.son, Si'c- 
retaiy of Agiiculture, said at a recent Congressional 
hearing: 

“The stalks of Indian corn, at the time when the grain 
is sufficiently hardened to be perfectly sound, wben bar- 
vested, contain a large cpiantity of starch. Tf the stalks 
of Indian corn could be utilized at that time for the nianu- 
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laetiiio of alcohol, they Avouhl ])rodu(.‘e a <]uantity which 
would he almost iiiciA'dihly large. There would bo a])- 
liro.ximalely 10 Ions of stalks to the acre of Indian corn, 
\ielding- hO bushels the acre, or 2d,(KH) i)ounds, and of this 
at least ll’ i)er cent, or nearly 2,400 ])ounds, is feruKUitahhi 
matt<-r, 4,') ]>er cent of which can he recovered as alcohol, 
e<iuivale7it to 1,OSO iiounds of ahsoluh' ah'ohol, oi' ai)i)roxi- 
inately 170 gallons of commercial alcohol. The' aveuago 
\ iehl of Imlian corn is onl>' about half the above, but the 
hea\ier coin lands of tin* country' that would be used for 
growing corn for alcohol average (‘asilv ."lO husluds to IIk' 
acre, it is safe to say that the aveiage amount of sugar 
and starch Avhich goes to waste in th(> stalks of Indian <‘orn 
annually would make IdO gallons of commerc-ial alcohol 
]i('r acre. \\ hen we consider the \ast number of acres 
cultivated in Indian corn, a]>])ro\imately l(l( (, 0 ( 10 , 000 , it 
is seen that tlu‘ ([uantity of alcohol that is lost in the stalks 
is so larg(“ as to be almost beyond the grasj) of our con- 
ce|>tion.” 

\\h“ liave therefore tlie authority of the Secivtary of 
^Vgjicidture for the statement that from corn stalks alorii' 
we may h<‘ ahh' to obtain om‘ Imndn'd million gallons of 
alcohol A’carly. M\en though it b(‘ found that this im- 
memse source cannot Ix' utilizi'd, no further eviihuici* of the 
ability of this country to iiroducc* suOicient alcohol to meet 
the demand for hKiuid fuel is nec<>ssary. 

The Advantages of Alcohol as Fuel. 

That alcohol is suitable for niindi of the work which 
gasolene and gas are now doing lias already been demon- 
strateil. In fact in many respects it is mu(4i superior. It 
is ( lean, odorhess, and its vajior is ijot intlammable unless 
< los(4y confined, so that naked lights can Ix^ used around a 
machitu' without danger of accident or ('Xplosion. It has 
a higher hoiling point than gasolene, and there is there- 
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roro loss loss by evaiioration and loss dangor of accideotal 
ignition, osjiooially in warm woatlior. l<''urtlionnoro, tlio 
ooinlinslion of aloobol is always so poifoot lliat lliori* is 
praolioally no smoke, sool, or disagrooabl** odor suoli ;is 
tlioro visually is frvim gasolon(> motors. Another ju-oix-rty 
of aloobol wliioli makes it nmoli safer than gasolene, and 
(s])eeially for household use, is that it mixes freely with 
walin', with which, therefore, it can lie diluted easily when 
accidentally ignited and thereby rendered incombustible. 
(Jasolene and kerosene, on the other hand, float on water 
and Sinead the burning material when attempts are made 
to extinguish it in this way. h'uiihermore, the fiame of 
gasolene is highly luminous, for it is filled with particles of 
incandescent carbon. .\ mass ol' burning gasolene radiates 
heal, therefore, and will set fire to things some distance 
removed. Aleohol, on the other hand, gives a faint, blue, 
nearly non-luminous ilamc. It does not radiate heat to 
any great extent, and for these reasons accidental fires 
therefrom do not spiead ra|iidly. It must heat some other 
substance in order to radiate its heat, .just as the blue gas 
tlami* does the asbestos of a gas log which is to be used 
foi- heating. 

Still another and most important fact in connection with 
the use of alcohol as a fuel is that there is absolutely no 
I'.xhaustion of those elements of soil fertility which are 
essential to the welfare of our agricultural industry. 
Commenting on this. Dr. II. Wiley, of the Department 
of .\griculture, testilies as follows: “d'he farmer can grow 
an.v amount of starch and sugar that may be wanted for 
any purpose in the world. 'There is no limit to the amount 
of sugar and starch which the farmers of this country can 
grow, and not. a pound of starch or sugar takes one ele¬ 
ment of fei'tility from the soil." 

Tn the ex])ortation of alcohol, therefore, wo will not 
send abroad the fertile constituents of our soil as wo 
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do HOW in the fonn of grain and moat. J^iminent scientists 
Lave long i)oint.ed out the wastefulness of this system. 
Ah’ohol, on the other liaiul, is eom])Osed only of earhon, 
hydrogen, and oxygen, ami the products of its oomhustiou 
are as gaseous and licjuid eouihinatioiis of tlu; elements Just 
mentioned (kept in universal distribution over the glol)e). 
Nitrogen, phos|)hati's, and all the other seareer elenuMils 
I'eeded foi' vegetable growlh are returned to the original 
soil hy the wash or ivsitlue from aleoliol manufaetur(L 
When vre add to tlu'se indisjuilable advantages the fuel 
that heavy (-rops can be stored for years in non-])erisliablo 
form as ah'ohol, and that it can be c*onv(‘yed by pipe liiu's 
even more easily than petroleum i)ro(luets, the adaptability 
of alcohol fuel is moie than sutfieiently demonstrated. 

Efficiency of Aicohol Motors. 

'fhe hitherto ])iohibitively high ))ri('(' of alcohol has ]ir('- 
vented much expeiimental investigation of the- alcohol 
motor in this country. Ihof. Charh's M. Lucke has c<in¬ 
ducted a series of experiments at t'oluudiia University in 
New York for the Department of Commerce and l.abor, 
which are embodied in a reiiort ])ublished by that de¬ 
partment. I’rof. Elihu Thomson likewise has tested al¬ 
cohol motors of (icnnan manufacture in the works of 
tliedeneral Idlectric Company, at Dynn, Mass. In report¬ 
ing upon the same to the Comniitl(‘e of Ways and Means 
he states: “ft may be mentioned hen* that our expeii- 
ments developed the fai't that alcohol is suitabh* as a motor 
fu(*l even when it contains as much as l.o ])er cent of water. 
Notwithstanding the fact that the heating value of alcohol 
or the number of h(>at units containt'd is much less than 
that in gasolene, it is found by actual experiment that a 
gallon of alcohol will develoj) substantially the same power 
in an internal-combustion engine as a gallon of gasolene. 
This is owing to the superior efficiency of operation wlaui 
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alooliol is used. Less of the licat is thrown away in waste 
gases and in the water jaeket. 

“Tlie mixture of alcohol vapor with air stands a much 
higher compression tlian one of gasohme and aii', withoul 
premature exi)losion, and this is oiu; of tlu> main factors 
in giving a greater <‘fificiency. It I'ollows from this that, 
with alcohol at the same piice jis gasolene, the a?nount (jf 
powei’ develop(!d ami the cost of the ]>ower will he rela¬ 
tively the same so fai" as fuel itself is concerned, hut on 
account of the higher (“tliciency of the alcohol less cooling 
\vat(‘r is re(|uir«‘(l, or a Igss percentage of the lu'at of eom- 
hustion is communicated to the <-ylinder walls of the en- 
giiu'. d’he exhaust gases from the alcohol engine carry off 
less iK'at. 'I'liey ar(“ cooler gases. 

“It is w(‘ll known that the exhaust gases Tjom a gaso¬ 
lene or kerosene engiiu' are liable to 1h‘ vcm'v ol)j<‘<‘tionahle 
on account of the odoix In our test of the l)(‘utz alcohol 
('iigine heie there was ahsolul(‘ly no such objection with 
alcohol fiu'l, lh(> exhaust gases being but slightly odorous, 
or nearly inodoious, and what odor there was was not of a 
. Iisagieeablo character. ’ ’ 

"Phis motor was srmt to (’uba, where ehea}) alcohol is 
now sokl for industrial pur))oses at, about 10 cents per 
proof gallon, d'he practical us<! of su<*h motors there is 
demonstrated by the re])ort of 11. 'f. Sciuires, United 
States .Ministei- to Cuba in 1004. lie states, writing from 
]\Iatanzas, a city of 40,000 inhabitants: 

“4'he ah'ohol motoi' pump is of (Jerman manufacture,- 
and cost, (‘om|)lete with installation, $(!,000. 4'his motor 
pump is a 4r)-horse-pow('r machine, and is operated at a 
fuel cost of about 40 cents an hour, or $4 a day of ten 
hours, pum])ing 1,,0IK),000 gallons of water. 

“As alcohol is very cheaii (10 (*(>nfs a gallon), the run¬ 
ning expenses of these motors are at a minimum. The (ler- 
majis are selling in Cuba many such motors for electric- 
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lighting and walei' plants at very low prices. One fiiin 
has a eontrac't to put in an alcohol motor })unip at Vento, 
tor use ill connection with the llahana water supply, which 
is exjiected to di'vt'lop ISO liorse-power, to cost, with in¬ 
stallation, about $l.’o,000, and to puni]) 1,000,000 gallons 
an liour at a fuel cost of $1.()0. d'he same linn has in- 
stalleil an <‘lectiic plant alcohol motor ot 4.') tiors<‘-pouer 
which supi)li(‘s I.'IS lights (Nernsl lamps) at a fuel cost ot 

cents an hour.” 

'I'his is conclusive' evidence of the efficiency of alcohol 
in stationary engines. 'I'liere have Ix'eii numerous trials 
o)' it in motors for moxing ve'hicles or locomohiles in 
Murope, which demonstrate its adaptahilily and ellicii'iicy 
for such uses. In France, .Messrs. IJrille, Fliauveau, 
Ferisst', llingelmann, Sorel, 'I’rillat, De la X^alette, and 
Diijiays have demonstrated the sui>eriority of ale-oliol over 
otlu'r liipiid fiu'ls. 

Henry Diipays, one of the fori'inost French experi- 
meiifers in this field, states in an article' in the' Fngiiie'e'r- 
ing .Magazine' eif I'V'hiuary 14, 1,004: “In the' northern 
e'ire'uit a iiumhiiie' hiirning e'arhiire'te'd ah'oheil attaine'd a 
me'un sjie'e'd of 72 kihunete'i's (44.7 mile's) jie'r lieiur, e)ii a 
geieiel roael eif !I24 kileiiiK'te'i s. ,\ I’anharei motor using 
the' same' fiie'l maih' an eiverage' eif !)0 kileuiH'te'rs (7),7.9 
mih's) pe'r lieiiir, een the' tirst stage' eif the' I'aris-\'ienna 
rai'e*. Siie'h a high spe'e'el has iieve'r he'fore' lieen reae'he'el 
on the' Haris-He'lfort run. 4’he' aelapfahility of alceihed fe) 
this use' the'i e'fore' l•alme)t he' eleuihfe'el. ” 

'I’liere are' not wanting actual te'sts eif the' e'flie'iene'y eif 
ah'oheil motors eiii the' farm itse'lf. In Jilnglaiifl, where! 
most of the farm land is practie'all>’ le've'l, gasole'iu' anel 
even kereisi'iie' engines have' lie'cn iiseel for some' time' feir 
pleiwing, and re,'e'i'iitl> .Mr. Dariie'l Alhorie. eif Higgle'swaele, 
Be'elforelshire, irne'iitor of the' first agrie'iiltiiral e'ligine' of 
this ty]ie, has trie'd ale-ohol. In a e'omparative te'st eif thei 
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tlirc’D I'uols tlic sanio onf>ine and (‘aihiiretor woro used witli 
only a sli,nli) attaclimcnt and no altenations. All lasts wore, 
inado on llio sanio soil and on llio same day. Tlio resuKs 
in snrt'aoe plowed w(“re: 

Will: 2 gallons of gasohme, loods of land. 

\\ itli 2 gallons of kerosene, 2 roods, poles. 

With 2 gallons of alcohol, 2 I'oods, 2r> ])oles. 

.\lcohol, therefore, as can hi‘ easily coni|inled i.s only 
1-<S h'ss ('flicieni than gasolene and 1 11 less than kerosene! 
lor plowing land, on the basis of the lignres givem. 

In (h'rinany, Prof. P. Meyer has made tin* most exten- 
six’(‘ tests which are (mdiodieel in a report to th<‘ (h-rman 
.\grienlfnial Soeiet\- in 1!)(I2. lie* found that taking the 
pi'ii'e in (iermany of alcohol at 2*'i to 2-'s cents, iietrolenm 
at 2'- cents, and benzine at 2-f| cents per ixiund, the' lela- 
tive costs per horse-power hour we're: 

Full H;ilfI.oa(l. 

. . . 77 e: ieii—loe 

licnzir.c . 7 1 in I 

I'oti'oiiniiii , . 7,:; 10..s 

The'se' trials would si'i'in to warrant the imnu'eliatc aelo}>- 
tiem e)l ale'eiheil as a flU'l for loe'onmhiles. Ne)twithstanelin,g 
this, the'use of ah'oheil meiteirs lor sne-h pnr]iose>s in hhireipe' 
has hi‘(‘n xer.v small anel be-low e'xpi'e'tations. 'flu' I'ause of 
tins is elonbtk'ss to be femnel in the diflie'iilt.x' alwa.vs attenel- 
ing the' elex’e'leeiime'iil eif a new type' eif engine. Many of the 
prae'lie-al trials have' been maeie' with e'ngines de'signe'el 
primarily fen' gaseile'iii'. While' it has bee'ii stmwn that tlje 
same' e'xpleisieni e'ngine can use* gaseili'iie' anel ale-eihol inte'i- 
e'hange'ably, the siii'cially elesigne'el e'ligini' eleve'lops the 
hi.gliest economy anel is most satisfactorily ojeerateei. 

Alcohol In the Arts and Manufactures. 

Tt must not he forgotten that llie ini'ie'ase'il demand for 
tax-fre'e ale-ohol will not e'ome alone from its use in ex- 
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plosion motors. Denatured alooliol will be used in a 
shoi t time as it is in England and in continental Euio])o, 
in a great variety of induslrit:s. For e.xample, in making 
artificial lubricants, fuiniture polish, tinisli, varnisli, 
lac(|uers, enamels, (‘clluloid, zylonite, aniline colors, dyeing 
and pi'eparing colors, dissolving resins for bat makeis, 
manufacture of collodion, goldbeaters’ skin, filling spiiit 
levels, floating maiiner’s (‘oinpasses, e.xtractiiig vegetable 
alkaloids, making \egetable extracts (tlry), manufactui'c, 
of transjiarimt soa]), <|uick-drying paints, preserving ob¬ 
jects of natiual history, chemical and anatomical res('arcb, 
in making sulplunic. ether, chloral hydrate, chlor<d‘orm, 
fulminating ))Owder and ex|)losives, linimcjits of soap, 
synthetic* cami)hor, aconite and bi*lladonna, hy])ersperm 
oil, artificial silk, clcctiodes for storage* batteries, jeho- 
tograpbic emulsions, lanolin, vinegar, etc. l‘''or su(*b ])ur- 
poses there won* used in (Jermany in the* yeai* 
5,7(i0,00() gallo7is of incomiiletely denatured al(*oho], and 
2(),00(M'bd gallons of (*omplet(*ly denatured alcohol. Our 
industries making many of these ai ticles have Ix'en <*rip- 
j)led be(*aiise of the hitlH*rto high pri(*(* of grain ah*ohol, 
and we can safeh' prc'dict that Jiiany inillion gallons will 
soon Ik* wanted yeai ly for su(*h purposes in this <*ountry. 

What the Past Teaches Us About the Industrial Use of Alcohol. 

4’he extent to which tax-free alcohol will be usc'd jn 
this counti*x' <*aimot safely be judgt'd from the ])rogress 
(if the industry in other <*ouutries. Xo great, piogressix-e, 
agri<*idtuial nation has ever gi\'en it a th(7i*ough trial. 
England has had tax-free ah*ohol sin(*e bShr); but it is not 
an agricultuial (*ountry and mu<*h of bor ah*ohol bas been 
imported. From (Jermany even, in whicb the conditions 
most closely resemble those liere, no satisfactory (*on- 
clusions (*an be drawn. Tax-free ah*ohol bas been iii use 
there since 1887. During that time the yearly (musump- 
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tioii of completely denatured alcohol has increased from 
.■>,(>••<*,()()() to 2(>,()00,()00 gallons in Ihdd, or over seven times 
in st'venfeen years. I’he retail selling ])rice, as re(!Oided 
ill tlie Daily (‘onsular and 'I’rade Deports of Monday, 
tSeptember 10, lOOO, are 05 volume jier cent, llO.GO cents 
jier gallon; 90 volume per cent, 27 cents per gallon. ^\t 
wholesale the juices range from 25.2 to 2().l cents ixu- 
gallon. 'I’iiese are twice those of some of the jirevious years 
when crops were better. The wholesale jiriees of ]i(>tro- 
leum naplitlia, duty jiaiil in Berlin, for automobile us<‘, an* 
now 20.0 cents jier gallon, for tin* best grade, and for a 
lower grade 17.7 cents ]>(>r gallon. 

'riiere can be no doubt that in a ]irogressi\’(* agricultural 
<*oiin1ry like this alcohol can be jirodiiei'd for use in the 
industries inon* elK'ajil^ than in any otlu'r country in the 
world, anil that its iisi* here will soon exceed that in other 
count l ies to the sami* extent tlial many of our manufactur¬ 
ing industries do theirs. ()ur young sister rejmblic of Cuba 
is selling alcohol wi'll uiiih*!’ 20 cents |)er gallon, and is 
nsiiig it in large ipiantitii's to run pumping stations and 
('Icctric light iilants, as has already bei'ii shown. If more 
than this is nec'ded to indicale what can be done in an 
agricultural country let us recall what has been done with 
industrial alcohol in //li.s conulri/, but long ago forgotten. 
■Mr. C. .1. Zintheo, of the |■nitcd States Dejiartment of 
^Agriculture, stales: “vSpccial documents show that in the 
t.'nited States alcohol was used for lighting, cooking, and 
industrial juirjioses in the early sixties. I’efore 1801 the 
manufacture of sjiirits was free from all sjiccial taxes and 
super\'ision, as much on the part of the Union as on the 
part of the Stales which compose it. It resulted from this 
freedom that alcohol served a multitude of industrial uses, 
'rile jirodiiction was enormous, amounting to ninety mil¬ 
lion gallons, coming esjiecially from the distillation of 
corn. For lighting jHiriioses enormous quantities were 
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enii)loyo<l. In 18(54 (he eitj' of Cincinnati alone \itilizc<l 
twelve thousand hiishels of corn per day for dislillation. 
Because of its low price alcoliol rvas also used as fuel for 
the domestic kitchen, for hath and laundry, d’he estab¬ 
lishment and suc<'essive increases of the lax on si)irits had 
the result of uiisetliTpi? all these industries and in some 
cases of destroying them.” 

Summary of the Benefits of Industrial Alcohol to Agriculture. 

It must now he clearly evident that there are many and 
convincing reasons wh\' faiiners ami producers of ahsjhol 
generally should do everything in their power to hasten 
the widespread industrial use oJ‘ alcohol. 

'I’lie farmei'’s iuterr'st in this matter is twofold: 

First. As a consumer, he obtains cheaper light, heat, 
and i)ower. 

Secondly. .\s a producer, he is insured of an incrcasi'd 
and hettm- market for his fann ])roducts and refuse*. 

I'nder these two he;ids the* following various ini]loitant, 
facts which have heen luoiight out in the foregoing may 
be summarized. 

As a consumer the fiirnuu' is interested in cheaji alcohol 
because: 

1st. Coal and oil, the fuels which he will increasingly 
need, are now largely monoiiolies and their iirice is he 
yond his control. 

2d. It is the belief of authorities that he will reiiuiri* 
small engines to do much of the I'outine lalior ol' the larm. 

dd. The demand for u liipiid fuel to operate farm and 
other motors is increasing at a rate which will soon vastly 
exceed the gasolene and kerosene sut)ply. This changing 
ratio of demand and supply has doubled the cost of gaso¬ 
lene in th(* past ten years, and a further advance can safely 
he iircdicted. 

4th. Alcohol is well adaihed to o|iera(c small motors and 
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to do the work of coal and oil goiHMally, as has beeti 
shown by ininierous tests. Aetual [ilowing tests <k‘iiion- 
strate that it is about e<iual in efficiency to gasolene and 
kerosene for tliis i)nr))OS(‘. 

5tli. Alcoliol can he jjiodnced lier(' in practically un¬ 
limited (piantities, and, there is re:ison to believe, niorti 
elu'aply than in any oilier country, e.xcejit ]iossil)ly Cuba, 
wheri! it sells for less than twenty cents a gallon. It should 
soon, at least, cost less Ilian gasohuie. 

As a produce!, tlie farmer is interested in the jirogress 
of the industry hecausi'; 

1st. 'file increasing insufficiency of the gasolene sujiply 
for work outside of the farm insures a vast new market 
for his farm products, as soon as they can he converted 
into alcohol and sold at a piffi'e ajiproximately eipial to 
that of gasolene. 

t-'d. He can luodui'o luactically unlimited (piantities of 
alcohol to meet this d(‘maiid. 

.‘id. It can h(' made from a great vari(>ty of farm jirod- 
u<!.- . so that ev(MA’ kind of soil and climate can he utilizc'd. 

4th. It can he made from spoiled ciops, from refuse, 
corn cobs, and corn stalks, (4c. h'rom the latter alone it is 
estimated that, one hundred million gallons of alcohol can 
he made yearl\' in this country. 

5th. 'riien* is no (*\lianstion of tin* soil in producing al 
cohol; only caihon. hydrogen, and oxygen are withdrawn, 
and they come hack gratuitously through tin* air as carbon 
dio\'id(' and water. Nitrogmi, )ihosphates, lime, etc., re¬ 
main in th(“ immeiliate neighborhood in the ixxsidue from 
alcohol nianufa(4nr(\ and, as will li(> shown, are used as 
fodder, and r(4urn to th(‘ ground as manure. 

(Jth. In seasons of hea\w cro))s and conse(pient low 
juices his farm ])rodu(4s can h(' conv(‘rt('d into alcohol 
and storinl for any hmgth of time in small comjiass and 
without loss until a lime when jioorer erojis insure a better 
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price. Alcohol is thus a sort of af<ricultural “balance 
wheel” which insures steadiness of ijrice. 


General Advice to Agriculturists. 

In the lislit of the innucnse advantages just summar¬ 
ized of the extensive use of alcohol, the fanmn' cannot well 
fail to do evciything in his power to spread its use, bettei’ 
the a|i])liances for making and using tin; same, and help to 
bring its cost down to a ])oint where it will comi>ete at 
least successfully with ’])etroleum jirodiicts. lie can do 
this in many ways, but more than all by ado))ting its use 
whenever jiossible and inducing others to do so. It may 
be taken as a cm tainty that every increase' in demand for 
denatured alcohol will be met by an increased ])i oductiou, 
and that increased lu-oduction will result both in incrc'ased 
demand for faiiu ))roducts yielding alcohol and in tlu' i)er- 
fecting of methods of i)roduction, with the con.sc'(pient 
lowei'iug of the si'lling pric(' of alcohol. 

In conclusion it may he well to add a few words of cau¬ 
tion. In the first place, too much must not b(» exj)ccfed 
of the alcohol industry at once; its jjrogress is bound to 
be slow, and i)eiha])s foi' some tinu' hardly perceptible, 
d’here are man\' ju'oblems to solve wJiic'h will take consid¬ 
erable time. Of course, we have the ex])erience of other 
countries which have long made and used denatured al¬ 
cohol to draw on. Hut it must not be forgotten that there 
is still much to be done, that some of oui’ conditions are 
(|uitc different, and that many of the problems are pecu¬ 
liarly our own. 

The alcohol motor, for (^xamplc, is still in its experi¬ 
mental stage; manufacturers in this country are now 
working on the problem and doubtless many engines will 
at once be introiluced, both good and bad. lint at least 
a season will be needl'd to tlifferentiate the good from the 
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bad and to reveal tlie defects which will be found even in 
the best. There a7c the saine peculiar difficulties to b(‘ 
solved in the alcohol (!nf>iue as thei'c were in the saf'olcne, 
kerosene, and gas (‘iigiiu's. Kvtui these ar(‘ far fioin per¬ 
fect, a7id iire c07istautly bei7ig i7iip7 ()ved, a77d while 77i77e]i ot 
wlwt lias been done o7i those 7iinehi7ies ca7i be applied to the 
jileoliol e77gii7e, still 77U7eh 7noi’e iniist be do77e befoi'e the 
I;itte7' is geiun-ally satisfactory. j\7id, fi7rthe?'7i70 7-e, it iiiust 
7K)t lie expected thiit aiiij type of ijiter77al eonibi7stio7i <'7i- 
gine c:in be 77dapt(‘d to the 7ise of alcohol with a few 
77ii7i07‘ cluuiges a7ul give satisfiietoiy results. 'I’liis 7niltte7' 
will be taki'U up later i7i (li<‘ ehaiihn- on uiolois. 

-Vs rc'gards the (|uestio7i of the o|iei'ation of stills by the 
indivitlual f;i7'iner, it niusl he said that it ean7iot lx* do77e 
liiolilahly on as small a scale as it is 771 (Iei'nia7iy. hr the 
last campaign year fheie were o\’ei- 71,1X10 so-called I';i7‘7n('r 
distilh’i’ies in opei-;ilioi7 tlx're, .-is agai7ist less thii77 1,000 
i7idusli'ial distilleiies. OiK'-tifth of the total 7iun]b(*7' of 
distilleries )irodi7eed lOt) times as 7nueh jileohol as tin* 
|■el.'ai7li7lg foui’-lifths, each one of which ;ive7'aged h'ss 
than 20 gallons in tlu* year. I5ut the gove7'nnK>7it h:is 
made s|K*cial pixrvisions theix* which make distillatio7i oir 
:i small sc;ile possible. It is not i(>(|iiired that tr 7eveni7e 
official be p7’esent du7ing the distillatio7i inrd all subsc- 
(|uent o|)eratlo77s. 

'I’he lh7ited States 7egulatio7is now i77 forvo, give7i in the 
Ap]>endi.\, to which the I'cader shouhl 7’efe7’, ])7’esciibe, 
liowevei’, the ])7'ese7ic(> of a i(>\ e7i7i<‘ official at each dis- 
lilli77g jilant, whi(>h i7mst be registered and boirded; aiul 
the (*re(*tion of buildings of a C(*7 tai77 for-m of constr-uction, 
fitted u]) with siieeial a|)|)lia77c<'s for the denaturing ]77'oc- 
<‘ss (Sections 2 to 4), whicli iilso must be |•egistel■cd jind 
bonded (kSoctions 10, 11). Not less than .‘100 wine gallons 
of alcohol in;iy be withdr-iiwn from bond iit a tirrre for 
denaturing (kSectiorr 15), and ii r-evenrre official must al- 
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ways be iirosont duriiii;' the removal (Section 20) and the 
denaturing' process (Section 31). 

Under the 2)7esent regulations, therefore, small-scale 
operation is out of tin? (picstion, and the farmer is eai'ii- 
eslly advised not tt) tliinlc of attempting it. In time, jicr- 
haps, pi'ovisions may he math* vvliich will make small-scalt* 
distillation a jtossihility. Hut befoie deciding to embark 
on tilt; production of alcohol the farmei' must remember 
that with larger and more costly aitparatus better N'ields 
<‘an bo obtaiiK'd, as well as more valuable by itroducts, and 
lliat the cost is grt'atly rt'duced tliereb\'. He can afford to 
]n'oduce aleoliol himself only Avlit'n Ik* can do so cheaper 
tluni he can buy it. 'I'his he will be able to do, p<'rha|is, 
only from farm ))roduets wlht'h ha\'e litth* oi' no market, 
value. And even tlit'se it will be best to work u|) on a 
co-op(‘rati\’(* basis with his nt'ighbors. e(‘ntral co-opera¬ 
tive distillery usijig all such farm )udducts within a 
radius of ten milt's ttr so can thtubtlcss compete succt'ss 
fully with an>' tlistant very large-scah' phmt bt'cause there 
will bt' consideiable saving in transportation etthts, both 
of the I'aw itrttiiuets and t)f the spirit protlueetl, prt'videtl 
the latter is ustd near by. Hdit! keynote to sueeess ftir the 
small farmei', thercftire, lit's in inti'lligcnt iiiitl harmonious 
eo-operalitm in produt'tion anti in tht* extcnsivti ust' of ilt‘- 
natured alcohol on the farm and in the home. 
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DISTILLATION. 

A SUMMARY OF THE PROCESSES IN SPIRIT MANUFACTURE. 

J. (,'erlain i'ariiiac'ooii.s matorials aro siiiiod to tlio jiiami- 
J'a<‘tiii'e of s])h it in tlio tlistillory; tlioso ('()iii])iiso, jiri- 
marily, potatoes aiul tlie fat iiiaei'oiis gi itiiis of the cereals. 

Only certain \-jirieties of su,i>ar are ea)i;il)l(' of yield- 
in,i>' aleoliol llironfih tVrnientation, ;ind therefore it is tirst 
neeessiiry to convert the starch into a sugar which is 
caiaihle- of producing alceliol fernienlatively. 

d. I'his ch:ing'(' is elVecli_'d hy allowing nuilt (gerinintiled 
gi'iiin) (o act upon the starch of the raw jn;ileri:il. The 
nitilt coniiiins cuiious nitrogenous bodies knowti as “en¬ 
zymes,'’ timong which is “diashise.” 'riat lalter possess, s 
the i»ro|jert\', under cerljiin condilions, of converting 
^lare:' inttj a series of simpler suhstiinci s (dttxtrins) and 
lln;dl\'' into sug.ar (imiltose). ’i'he niiilt for this |iurpose 
is geiunally preptired from hitrley, ;ind, l<‘ss freinumtly, 
from oiits or rye. 

4. ft, is ])ossihl(‘, iilso, to ( onx’ert the sttirch into sugar 
hy heitting it with iicids. 'flK' sugar obtaimal as tinal 
]irt)duct in this process is “tk'xtro.sty’’ which can he fer- 
menh'd di redly. 

5. Ihd'ttrc the nuilt e.an iict upon thi' sttireh it is neces- 
s.iry to geliitinize the hitter, that is, to convert it into ;i 
paste hy he;i(ing with water, or hetter, clumge it into a 
litjuid condition hy stetnning under high pressure. This 
transformation is eti'ected in spi'cial high-pressure ajtpar- 
atus. Of this type the Jlenze aiipartitus is most widely 
emplojmd. 

(). The raw materials, softened iind disintegrated, and 
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]ilacc<l in tlio, y)i' 0 ])avatoiy mash vat, are “saccharifiod,” 
al'ter they hav(‘ iu’on cooled to tlic mashini? tcinpcratui'c, 
liy the addition of malt; that is, the starch therein is. 
conv(‘rted into sugar. 

7. After cooling to a low temperature, the yeast, a 
sidistance wliich in<lnc(>s the initial fermentation, is addetl, 
and by means of this the alcohol is jnoduced from tlu‘ 
.sng’.ar. Yeast is a niono-cellnlar organism, a fnngns, which 
inhabits th(> mash and utilizes tin* sugar in the ])rocesses of 
its life changes. 

S. V('ast is cultivated fi'om a bed of motlau' yeast in a 
yeast masb. 'I’bis must cont.ain all tlu‘ sul)stanc(“s neces¬ 
sary foi' th(‘ nutrition and re))roduclion of the yeast, .and 
must, furtbermoi(‘, be so conductc'd tb.at, if ))tissibk‘, the 
yeast alone is develoT)ed without th(> simultaneous ]»ro- 
duction of mi(a'o-organlsms inintical to lermentation. 
^'east production is to-<Iay carried out almost unix'cisally 
in .accordance with the laws ol' the “natural pure (adture” 
foimulate<l by 1 telbiaick. d’be expxat in fermentation is 
able to I'egulate the batll(> for sn|)r(Mnacy between the fungi 
so that it leads to the desirin'tlon of baianful organisms 
jind to th<‘ survival of tb<' desirial (adture yeast. 

!>. Wdien the yeast has ripened it is placed with the 
sweet mash in tin' ftanKMiting tub, or wbeiax wat(‘r-(*ooled 
jireparatory mash vats ai’e availabby directly iii these and 
afterward, togetlua- with tlux masb, in tbe feiamuding 
xat. At tbe ixi’oiier tem)ierature it induces fermentation 
so that tbe sugar is s|)lit up into alcobol, wbicb remains 
in the mash, and carbonit^ acid, wbicb es(-apes. At tins 
stage of the ])rocess it is necessary to maintain the tcmpier- 
ature within (‘(u tain limits in order to obtain the higliest 
])ossible ab^xhol production fi’om the masb((d raw material. 

10. As the alcohol produced in the fennented ma.sb is 
A’olatile in nature, it can be converted i7ito va])or by 
beating in proper ap]iaratus, and can be strengthened in 
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s]iccial devices wliicli to-day arc included directly in all 
distilling ai)])ara(ns. It is then condensed to liigh-i)er- 
centage spirit (rawsiiirit) in cooleis. 

11. As this raw spii’it still contains I'nsel oils and oilier 
hy-prodnet constilnents of unpleasant taste and otlor, ii 
must nndi'rgo a lairirying proei'ss, tilti-ation and ree- 
titiealion, hei'ore being available tor the best uses, d’lu' 
purification is usually aeeoiniilislusl in sjieeial apparatus 
in alcohol l■efineries. Within the pasi tew yi'ars, how¬ 
ever, distilling apparatus which ])rodiie(‘s clean or lee- 
lified spirit direelly troni the mash has bemi desigiu'd 
and sneeesstnily niili/ed. 

12, 'the mash when I reed trom spirit is called residmd 
lii|nid or spent wash, and provides a nsel’ul todder tor 
agi ieulfnral domeslie animals. II has Ikhui tonnd adx'an- 
lageons to lied it lo I'atlli' while il is still moist and 
warm. llow<‘\<'r, it is otien workeil into a dry stale in 
special drying apparaliis, ami is list'd in Hie J'orm of cakes. 

12 II is also ]iossibl(' to prodiiee alcohol trom eei’taiii 
sai'eh.'i il'eroiis substances such as grapes, tigs, sugar beets, 
and the residual molasses I'rom sugar manntaetnrt'. ^\s 
these snbslanees alreadx' contain sugar, the reailer will nn- 
di'i stand that I hey do not nei'd to nndei go the mashing 
inoeess necessary with starchy raw materials, and it is 
theri'J'ore possibh* to ternient llu'in direelly with yeast, 
alter sntlieieiit eomminniion. ('onsei|nently, th(> manntae- 
tnre ot alcohol trom mati'rials ot this nature is siniph'r 
than that from starehy substances. 

Within rc'cent x’cars serious attempts hax'c Ix'C'n mad(' 
to produce' sjiirit trom sulistances, espi'cially wood and 
peat, in which teinu'iitahle sugar can hi' obtained through 
the conversion of e'cllulose. 'Idle results ot the e.xpeii- 
ments and tests which lia\e been made so tar ari' not 
lironiising, and it Avmild apiiear that the iirosiiect for tlie 
lucrative' production ct alcohol by this method is slight. 



PART I. 

STARCH, HOW IT IS FORMED. ITS CHARACTERISTICS, AND 
THE CHANGES IT UNDERGOES IN SPIRIT MANUFACTURE. 

I.—The Forms of Starch. 

S TARCH is the first assimilative product of tlie 
eldoroiihyllaceous plant cell, it is a soft, wliitt; 
powder, glistening in sunlight, and it consists of 
giauules vajying widely in size and possessing a distinct 
foi'in for each of the various starchy substances. Thus, 
the starch of potatoes, Cig. 1, consists of oval granules, 
lentil-shaped in cross section and having, in many cases, 
<‘venly crimped edges. Mach granule has an eccentrically- 
k'cah'd keinel or nucleus, usually neai' the smalhn- end 
of the grauide. The similarly eccentric layers or strata 
{ire unmerous and generally distim^tly marked; some of 
these {ire always (dearly visible undei' the microscope. 
ISesides these oval granuh's there ari' smaller (drcular 
ones whi(di, perha])s, should he regarded as undeveloped 
foims of the others. 

The starch griinules of ry(‘, wheat, and biuley are (luite 
different from those of the potato, but resemble one 
another rathei- closely, so tlait while they can be differen- 
tiahal only by meiins of careful microscoiiic ineasnri'- 
ments, they are easily distinguished from those of idl 
other vaii(dies of starch. 'I’liey always comprise granule's 
of two distinct sizes, with no transitional forms of in¬ 
termediate size. The large granules ar(> lentil-shaped, 
the smaller ones siiherical, though sometimes of ])olygonal 
form. They are usually unstratified or show' hut few' 
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layers, and the iiiieleus is seldom a])i)ar(>nt, though its 
location may bo indicated hy one or more tissni'os in the 
grannie. Tlio smaller granules are always nnslralilied, as 
shown in Mg. 2. 



Fig. 1.—PoT.cro ST.Mtcii M.\(;.niitei) 300 Diaaifters. 


A 



Fig. 2.—Wheat Starch MAONiriEn Fm. —Cora- Starch Maga-i- 

300 UlAMLTERS. FIFI) 300 DIAMETERS. 


Maize or ooi'n starch consists mainly of aggregated 
grannies containing many simph* grannies of round, 
.spherical, or jiolygonal form. Some sinpile granules are 




24 


INDUSTRIAL! ALCOltOL 


I'oiiiid in tlio inner, rariiiaecous part of tiie maize f?raiii, 
wliile in the outer, liorny part, on the otlier hand, tlie 
stareh grannies lie elosely ])ressed together and eoiniiaeted 
into unnatural forms. Fig-. sliows sinpile and aggre¬ 
gated corn starcli gianules. 

According to W'icsner the average sizes of corn stareli 
granules are as follows: 

MiliiiTHHer. 


]{<iiiey (lar^c gramilos). 0 0203 

Wln'jit ). 0.02S2 

Hyc (lar^^e .i 2 ;raiiul('H). 0 030!) 

Potatoos (laise grannies) . GOTO 

Oats (aggr(igal(‘(l granules) . O.o31 

Corn {aggregaUal granules) . 0.047 


Of th(> different kinds of starch used in alcohol maiiu- 
I'acture, that of the potato prcscuits 1)\- far th(> largest 
granules. Stai'ch granuhs ap]>car to jiossi-ss a resistant 
envelope that is, perhaps, cellulose. Accoi’ding to Xagcii 
starch is an intimate mi.xturc of two isomeric liddics, 
starch grannhisc and starch cellulose. 

II.—The Composition and Formation of Starch. 

Starch or amylum is a carhohydrat(‘. 'The carbohydrates 
com|iris(' a class of bodies whic-h are wid<“ly distributed 
throughout the vegetabh' kingdom and which form the 
most imiiortant constituent of jdant life. 1’hey belong to 
the he.xanc seiies and ari* divi<h‘<l into thre(> groups. 4'he 
third of thcs(‘ comjnises dextrin, gum, glycogen, starch, 
cellulose, tunicine, and mucilage, and it poss(‘ss(‘s thi' 
formula (',.11,Of these constituents O represents 44.44 
jier emit, TT li.lT, and () 49.di). ’'riic above formula, how- 
(>ver, does not o.x'iires.s the molecular size of the starcli 
giamile; starch must rather be regarded as a ])olysa(‘- 
charide, in whicli mimerons groups having the composi¬ 
tion < ',dl,„()-, have combined to fonn a large, eonpilex, 
molecular body of involved stratification. 









ITS MANUTACTUUE ANI> I'SES 


Stnrc’h is i'ontiod in tlu^ green portions of jjlants tlirongli 
the eonibinaf ion of eiu-honic, aeid and water by means of a 
icdnctiou 1 ) 1 'ocl'ss ex 2 )ressed l)y tlio fornuda 

(i(!(b + olld)--('„ll,„():, - 1 - 120. 

Ctirboiiu; Water Stiirch OjcyKCti 

Aci«l 

Tim process of starcb I'orniatioTi is dei)endont upon, or 
at least intlueneed by, the action of tlu' linninons rays of 
the sail. d’b(> starcli formed in the green cells is freed by 
enzymes and is then converted into sugar, d’be sngai', 
in solution, is distribnted tlirongliont the ])lant and is 
store<l at certain points, such as tiu* giains or Inbtn'clcs, 
after it has .again Ixam coinci'ted into starch. 'The ])b>sio- 
logical i)nri»ose of this stoiing np of starch is to jirovide 
formative and nutritive ebanents for the pro])agation of 
new vegetable life. 

III.—The Characteristics of Starch. 

The spiocific giax ity of dry starcb vai'ies botwoon 1.502!) 
(air dry) .and l.d.').'! (compIctcl.N' dry). It distoi'ts tin* 
l)lane of polarization shai'iily to I he right (,^.j2lt).5). 
It is .a sti'ongly hygroscopi<- snbst.amaa 'That is, when it 
lias been tlioronghly dried at a bigh ((an|K‘ratme, stai'cb 
will absorb considerable <|uantitics of watm' from mois- 
tnrc-ladcn air. d’he (piantitics of absorbed moistnre, bow- 
evev, vary with tlu* kind of starch in ipiestion. The most 
strongly bygi'oscoihc of the starclu's is that of the jiotalo. 
Starch is conpiletcly solubk' in alcohol and ether, as well 
as in other ('ommonly enpiloyed sohamts. 

The Fichdriar of StarrJi Brlo/iri' lo Waior. —TTngda- 
tinized starcb is not affected by cold water. In hot 
water the ))rocess ordinarily known as gelatinization or 
inpiasting takes jilace. With risitig ((anpmatuia* of the 
water the starch absorbs increasing qnantities of moistnre. 
At the beginning of the gelatinization the starch grannies 
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■begin to ci'ack near tlie nucleus, the cracks extending in 
the direction of the thinnest layers; at 12!)° F. some of tlu; 
grains swell and burst; many more undergo the same 
change at 128° to 140', at 142° still moi(*, and at 144° to 
147° nearly all of the granules burst, while Ix’twecm 14!)" 
and 17()° the real gelatinizatioTi takes i)lace in the majority 
of th(i stai’clu's, that is, the transfoi’iitation into the well- 
Icnown glue-like o))al<‘scent mass, d’lie final temperature' 
of the gelatinizing process varies with the diftV'rent 
starches as follows: 


Potato stavrli. 

liarley Htarcli . 

Oat start'll . 

Rye stai'ch . 

Wheat starch. 

Corn stai’ch . 


The tein]i('i'atur(>s of gelal 
inann are as follows: 


. 110'’ F. 

. iTr.” F 

. l.S.-)'’ F. 

. ITd" F. 

. I7i;“ F. 

. H17" F. 

iiization according to Li]ip- 


1 

1 Oi'^iinct 

^ ointiH'iiccMU'nl ol 

1 

\'tiricl> of Shin h. 

S\\cllin;f. 

(Iclul iin/at roil. 

1 firlilt ini/.iil i«>rj. 


ho/i-i'C' 1’ 

t'\ 

1 )<o.. J'\ 

Rye Btai’cli 

1 

00 

1:11.00 

Com starch. 


i:{l 00 

111.70 

Horse chestnut starch. 


nio.an j 

K17.7o 

Barley starch . 


: i;r).r)() 1 

111..70 

Chestnut starch. 



1 14..70 

Potato starch. 

11 ri.x’.-) 

i;i7.7.-) i 

lit..70 

Rice starch. 

ios.7r) 

|:jr.75 I 

1 *,>5 

Wheat starch .... 


110.00 

1.7:1 .70 

Buckwheat starch j 

nil .00 

loo. 75 

I0I).25 


It is to he noted that cereal starcJi retpiires a tempera¬ 
ture for the commencement of gelatinization higher by 
59° P’. than that necessaiy for iiotato starch, notwith¬ 
standing that the granules of cereal starch, with the ex¬ 
ception of corn and rice, dissolve more readily in the 
presence of malt tlian do those of potato starch. A certain 
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ijiiaiitity of wator is t oqnisite for golatinizatioii; Raaro has 
ih'tcniiiaod tliis ()aantity to ho 0.4 ])art liy \vcif>ht of wator 
for oaoli })art of air-dried starcli. However, jireater quaati- 
li(>s of water are iieeessaiy for rajiid and eonipleto paste 
fonnatioa. By the action of cold water malt extiaet is 
fransfoniied into dextrin and inallose. 

O’Hidlivan has sliown that the variety of sugar fonned 
hy the action of diastase uiion starcli is maltose and not 
glucose. 'The chemical procicss of transformation is in 
accordance with the formida 

(hHii.o,-, -I 114)-- dvdhd),. + (’„ir,„o,-, 

StsMi'li Water Maltose De.xtnii 

I'^rom too jiarls of starch aie olitaiiu'd (if-iSa ])arts of 
maltose' and .'>2.If) of dextrin. Itecent invc'stigations liavc 
demonstrated conclusively that the ]uo)iortiouate ((uanti- 
tii's of maltose ami dextiin tlepend upon the lu’ocess of 
mashing and, cs|)ecially, u])on the tem])eiature during that 
o]i('ration. 4’hus the aho\(‘ eipiation is admissible only for 
a ti "ipejature of about 14f) F.; the I’esulting <|uantities 
of maltose and dextrin vaiy widely from tht> ligures givi'n, 
with different tem|ieiatuies. 4'hus, if the mashing tem- 
jii'rature is raised aliox-e IbS’ F., Ittil parts of starcli yield 
17.4 of maltose and S2.() of dextrin. 

lieharior of Slarch Under llifiU Pressure. —AVhen 
starch is ])roperly mixed with watei', jiroferably in the 
proportions of 1 to 4, and is lu'ated in a closed vessel, 
gelatinization occ'urs ra)iidly; if the temperature in the 
vc'ssel lises to about 2MI)“ F., the thick, viscous iiaste be¬ 
gins to nu'lt, and betwec'n 24S° and 271)“ F. it becomes coin- 
pleti'I.y fluid, ft can afterward be cook'd to 122° ])\ with¬ 
out immediate regelatinizatiou. The latter action does 
not occur until after the solution has stood for a consid¬ 
erable period. This fact is of the greatest im])ortance in 
the ])ractice of distillation. 4'he starchy raw materials are 
sti'ained under high ])ressure, and thus the starch is oh- 
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tained in a solution wliicli remains at least jiartially fluid 
after beiny eooled to the mashiny t<>m|)eratuie. In this 
solution the eonversion of tin* starch into sugar is et- 
feeted eoni]iletely and alnu)st inslantaneously by the malt. 
For this reason sugar foi-mation takes [)lace with mucli 
greatei' ra])idity when llie raw materials aiv prcjiai'ed un¬ 
der ])i'essure than when the starch is gelatinized l)y cook¬ 
ing alotn*. Furlhei'inore, as tlu> disintegration is nnu'c 
oomi)l('le in the tirst method of operation, the (piantities of 
sugar and al(‘ohol ohtained are correspondingly greater 
than when the second metliod is used. 

IV.—starch Reactions. 

The term dextrin is more geneial than special, for starch 
is convei'ted into sevei.al dextrins h,\' the action of mincial 
acids, ]larticulai'ly hydrochloiic .acid, .as w(>ll as ))y oigaiiic 
acids, such as oxalic .aci<l. !>>' the continued action of the 
acids lh(‘ starch is fuither ch.ang(>d into dextrose. I>\' the 
action of thest* acids or of conceiitratetl alkalies, starch first 
forms a suhsidi.arv x-,ai'ict,\', which is soluble in wat(‘r and 
is k'liown as soluble starch or am,\'lo-dextrin; this remains 
soluble for a considerable time, even after it lias been J'reed 
from the acid or the alkali which eff(>ctcd tin* coina'ision, 
and it is onl.\' ver\' giadually reconx'in ted into the insolu- 
l)!t‘ modification. Soluble starch can lx* ])roduct*d as fol¬ 
lows: d jiarts of st.arch arc* ground u)) with 2 parts of con- 
<*<‘ntrat(‘d sul[ihuric acid, and tin* white, lransluc(*nt mass 
is th<*n trituralt*d with alcohol after lK*ing allow(*d to stand 
for half an lioiii’, aiid is finally washed with alcohol until 
the acid reaction disapp(*ars. In Jjintin*r’s method the 
starch is allow(*d to stand in a 7.5 jiei* cent solution of 
hydrochloric acid for six or eight days at oi'dinary tem- 
perature, is washed lejieatedl.N with water till the acid 
leaction disajipears, and is then dried in air. 'flu* jiroduct 
c'alled erythro-dextrin may he clas.sed with the achroo- 
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dextriiis wliich give no ronction witli iodine. Solnlile 
staich evidences all tlie reactions shown by ordinaiy 
starch. Neither soliil)U! noj' insolul)le starch will leducc* 
Fehlinjv’s alkaline copian- solntion, whereas certain varie¬ 
ties of sugar decompose this solution with the sepjiration 
of retl copjM'r ])iot().\id<'. 

With concenlialed alkali('S, not how(>ver rvith ammonia, 
starch sw('lls and I'm ms gelatinous comhinations; baryta, 
stKintium, and lime give similar combinations which are 
ahsolutely insolubh' in water. (icla1inizc<l, as W’cll as solu¬ 
ble starch, is ])i'(‘ci])itatod by tannic acid. One of the most 
inipoitant reactions ol' starch is that in tin; presence' of 
tincture of iodine, or of an iodiiu' solution in iodide of 
potassium. Insolubh', gc'lalinized, and I'ven soluble starch 
ai(' colore'd an iidc'nse hluc li>' the' iodine' solution which 
lonns iodine' stare'll. 'I'liis le'actieen is se) e'Icar anel elis- 
tine'tive that it is peissibh' tei de'ineinstratee by nu'ans eef it 
the' pie'se'Ue'e'e)f e've'ii the miniiti'st epiantitie's of stare'll. 'I’lie 
seiln'ieni to be' use'el in the' ti'st for stare'll is be'st |irc])areil 
b> ae'ding to 1 liti'r of water !) gramme's eif ieieliue' greiuiul 
up with 10 gramme's of ieielieh' of jiotassium anel a little' 
wate'i' anel tlu'ii dilute'el to 1 lite'r. Olel ieieliiu' seilutieui 
which has steioel for some' time anel in wliie-h appree'iable 
hyelrioelic ae'iel has bee'ii feirmeel, give's an incomplete re- 
ae-tion; it is there'feue aeh isable tei ]ire]iare a new seilutiem 
for use in the eiistillery at h'ast eme-ei e'veny three years. 

In using the ioeline re'action feir the eletermiiiatiein of 
starch, ee'i tain rules shenilel be eibserve'el. The liepiid which 
is to be testeel siiouhl not be Imt, as ieielinc e'ennbine's with 
stare'll tei manilest thei blue re'ae'tieui emly at leiw tem|iera- 
tures. Jf, feir instane'e, a solution wbie'h has been colored 
blue by iodine is heateel tei 140° or KiO" l'\ thei dise'oloration 
elisa])])ears. The blue color rea])))e!ars if the ieieline is lib- 
enateel by the addition of potassium nitrite and a dro]i of 
suliihuric ae'id. If iodine stare'h be luTiteel for a long time 
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a pennaiient discoloration takes place, as the ayiidication 
of the heat has cliaiiged the iodine to hydriodic, acid. 'I’lic 
presence of caustic alkalies, alkaline carbonates, and alka¬ 
line earths, such as lime and baryta, disturbs the iodine re¬ 
action, as these substances Ibemselves react with iodiiu*. 
'I’be ))resence of snipbnreted hydrogen or snlpbni'ic acid 
similarly interferes with llu' rc'action. 

It sometiiiK's bai)|)cns tbal tlie tnash contains substances 
which decompose the iodine solntion*with the formation of 
hydriodic acid, so that muler certain circumstances there 
is no apparent reaction when but a few drops of the soln¬ 
tion are added to the staicb tlnid. ('onseipient ly, it is al- 
wa\ s necessary to use a consid:-i able (pianlity of tlu* soln¬ 
tion to insur(‘ the reaction Avith starch, tboni-'b care should 
he taken not to add too much, as a \'eiy laryie (|nantity of 
the iodiiK' solution intlneiwes the i(‘sultini'' (‘oloi-. Slai'cb 
takes up ioiliiu; fi'om otlu r substances discolored thronyh 
the action of iodiiu', as for instance albuminoids. In a 
mixtni'e of such substances llu.’ discoloration of the albu 
miiKiids does not occur until the iodine absorption by the 
starch is completed, that is, until the starch is saturated. 
A sufticiemf addition ol iodine is, tlicrcd or(’, also lU'cessary 
for tlie success oi the I'caction in this ('asie 

V_The Behavior of Starch AvitU Respect to Acids and Diastase. 

[>y treatinft- starcli Avith dilut(‘ acids it is first con\'(Mted 
into'soluble starch, then into dextrin, maltose, and bnally 
into dextrose (graiie sugar) AAdiicb is cajialde of direct 
fermentation. 

In the fernunitation industries, the utilization of the 
starch is made possible througli the enzymes, es)K'cially 
the diastase contained in malt. J5y the action of the dias¬ 
tase tlie starch is first dissolved, and is then changed suc- 
cessiAady into a series of intenuediate jiroducts (dextrins) 
and then into a variety of fermentable sugar (maltose) 
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wliicli is split up and is subsecpieutly fenneiited by means 
of ail (Mizyme (I'ls^ltase) found in yeast and related to 
diastase, dliese fundamental proeesses are of tbe utmost 
imi)ortan<‘e in distillation and will be discussed later at 
j>i'('ater length. 



PART II. 


THE ENZYMES OR FERMENTS. 
I.—GENERAL INTRODUCTION. 


T he most impoi'taTit processes in the fermontalion 
iiKlnstru'S cle2)eiRl npoii the action of enzymes or 
ternumts. I nder tlie term ferments is nnderslood 
a sei'ies of organie snhstanees, wliieli when add(Ml in small 
quantities to otln'r organic tiodies are capable of deeoTii- 
]) 0 .sing- tlie hitter without lesulting change in themselves. 
In general, fminents may he classed as uiior<)<nuz<'<l or 
clicutical ferments (enzyme's) jind (>r;/aiii,~e{l or ref/ehihle 
ferments. The enzyme's, with resiie'e-t to the'ir 2 )re)]»e'i'tie‘s, 
are; simihir te.) the* jee'pleine'S; they iire* nit reige'neiiis ])re)teins, 
aihuniinejn.s hoelies whie-h :ii'e' impossible' eif e'eiagiihitietn. 
The enzyme's leise' their eleeompositive' e'ftie'iU'y ;it tempe'rio 
tures of 194° F. anel over- inost eif them, howe'\e'r, ;it 
1’12“ F. They can more e'nsily resist a dry he:it th:in a 
moist one, anel thus diastase in a dr>' slate e-an withstanel 
ji temperature of fi-om 24S° to 2.h7° F. without losing its 
cffie-acy. niastase is e'lassed Avitli the' iineu-gjinizeel fer¬ 
ments, while yeast is generally ree'ognizeel as helougiug to 
the Vf'getahle or organizeel fe'rmeuts. Ae'e'oreling lee recent 
investigations, however, its effie'aey is also eausi'el hy a 
e'hemieal ferment. 

F)) to the jiresent time it has he*en im^iossihh' to isolate 
and produce enzymes in the jnire state, hut their effects 
and properties are sufficient to ehaiaeterize them. 'Phus, 
the latter demonstrate that the enz\Tnes closely resemble 
albuminoids, even in their chemical compositions, and 
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(hat (hoy strongly alilVct other conihiiiations to luring about 
file (leeoiii))ositio)i of tlu" latte)’ ;ui(l to eoiiveit theiu into 
siin|iler l)o<li)‘S vvilliont heiiig tluMUseh’es iiltered by these 
|Moe(.‘sses. 'i'bis is called tbi' deeoni|losifive ert)ea)‘y of 
file eiizyiiies. and it e\])lains tlu' |ibe!ioiiieiioii that very 
siiiaii masses of the f<‘i’meiits are capable of decomposing 
larg(* i|uantities of the substances acted )ipon. I'sually 
(he action a|)p(“ars toconlimie until a condition of e<|ni- 
liliiium has bom (‘stablisbcd between the substance* t<) be 
di'composed and the separated products. If there is more 
of the latter presemf than corresoonds to the e-ondition of 
cipiilibrium, ilu' cn/.yim's must, ac<-oi'ding to the laws of 
(‘hcmii’al balance, ed'lecl Ibe building up of the original 
substance I rom the separated proslucts iiidil the bahn.ce is 
Ic-cstablished. d’his is called (he lormative cflicacy of llu“ 
cn/.>m<'S. d'he • ‘ riwei sions ” observed in cvpcL'inu'ntal 
iin'cstigalions would appeair to conlirm this Iheoiy. 

n.- CLASSIFICATION OF THH ENZYMF3S ACCORDINCi TO 
TtlEIR ACTIONS. 

1.—Carbohydrate Enzymes. 

d'hest' enzymes elfect the ilecomtiosition of cai'bohydrates 
of <’omplex moleculai’ constitution into simph*)- carbohy- 
diatcs. 'I'lu'y inclnd)': 

.\. /t/a.s/a.sc, which decomposes starch. 'The )'esulting 
products are dextrin, maltodexti in, and maltose. 

15. MdUdSf; this sjilits uji maltose iido the diiectly fei-- 
UKUit.’ible dextrose', d’lu' I'elated enzmiu' (/lucasc is ciipalrle 
of dee'omposing slarc'h itdo dextrose'. 

('. fiirtdiiisf e'emvc'i ts e-rnie sugiir i)de) inverteel sugai, a 
mixture of dextrose' and h'vuleise. 

2 .—Proteolytic Enzymes. 

These are able to elee'eunpose albumens, d'hey ai’e char- 
ae'le'i’ized aeeoreling to liie final produe-ts e»f the elee-oiuiiosi- 
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tioii as (n) peptic, with which the final products are pep¬ 
tones, and (h) tryptic, with w'hicli the decoini)osition prod¬ 
ucts are amides; to tliese ))elong' the pepiuse of malt and 
the fudvtrpptiin {pcptase) of yeast. 

3.—Zymase. 

'Phis is an enzyme of yeast which during fermentation 
separates sugar into alcohol and carhonic acid. 

4.—The Oxydases. 

'I’hese are enzymes which effect oxiilalimi processes, ami 
which are t)f great importance in tlu' production of tin' 
necessary living eiungv of tlu' c(‘ll hy thi' combustion of 
th(' nutritive substances. In this action sugar is consumed 
to water and carhonic acid tiii'ough the taking up of 
oxygen. 

5. Lipases. 

'Phe activity of these enzymes consists in th(‘ decomposi¬ 
tion t)f tiu; fats. 'Po tlicir efficacy can |)rol)ahI>' l>e ascribed 
the apjiearanct? of glyceiine during huiuentation. 

III.-THE ENZVMES OF GREATEST IflPORTANCE IN THE 
DISTILLATION PROCESSES. 

Certain of the enzymes are of gi'eat iinian tauco in con¬ 
nection with till' j)rocess(s of tlie di.stillation industry, aiid 
these recjuire si)eeial consideration. 

I.—Diastase. 

Diastase is the enzyme of malt which effects tlie conv(U'- 
sion of starch into soluble starch, dextiin, and (inally mal¬ 
tose. It is formed in the processes of germination, eitluu- 
artificial or natuial, and increases with the duiation of 
the growth of the grains. 'Phe sugai-forming enzyine of 
the ungerminated grains differs fiom diastase. 'Phe latter 
is found iti the vegetative parts of the organisms, and is 
largely inliuential in the transfer and distribution of the 



ITS MANLTl.’ACTUltE AND USES 


35 


carboliydratus in tlie greon plant. Tills is called tlio trans¬ 
location diastase. Plie tirst, known as the secretion dias¬ 
tase, aiipears to be conlined to germinating seed. The 
diastases differ markedly in their effects upon gelatinized 
as well as ungelatinized starch. The tirst dissolves tin' 
starch without initial corrosion, the most favorable tem- 
P'crature for this action lying bidween 1 lib and 122° h\; 
the latter, on the other hand, first destroys the form of tlu' 
starch granules and then tlissolves tin' corroded starch, 
the best tempiuature for thi‘ action of this diastasi' being 
Jiom 122 to 131 F. ddiis temperature is of importance 
in connection with the r(>gulation o! the mashing temi»era- 
tiiie. ^\t both higher and lower t<‘miicratur(>s the action 
of th(> diastase is retarded, 'fhe temperature ma.vimnm 
tor the jiclion approximati's IS.j' F. .\t this degree of 
liixit iliastase can onl.\' li(|ucfy the starch and can effect no 
tnrthci’ changt' in it. In cmiccntrated mashes rich in 
sugar it is less sensitive to higln'r temperatures than in 
pooren- mashes. .At favorahh* tcmiieralnri' aiul with long 
periods of activity, very small masses of the enzyme arc 
capable of converting uniiroportionately targe (juantitii'S 
of starch into sugar; in ]iractice, hovvi'viu', it is customary 
to use larger masses of tlu' enzyme, in order to complete 
the action as ra])idly as jiossihle. 

Diastase is soluble in water. .According to Osborne, it 
jiussesses tin' following cbemical composition: 

Por cent. 


Carbon ... 

TTydro^^eii . G.72 

Nitio>;en . IG.IO 

SuJi.linr . 1.90 

Oxygon . 22.7.S 


'These tigun's correspond substantially to tliose repre¬ 
senting the composition of an albimn'n. In its other char¬ 
acteristic's, too, thc're is an apparent similarity to those 
of the albumens. 'Thus substances whicb coagulate albu- 
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jitiiioids or l‘onn insoluhlo coiiihinations lliorowitli, siiii 
ilaiiy aft'oet diastase, d'liis aeeomits tor the (.liscoloration 
aiid tlu' i)rc(‘iiii(a)ioii oJ' flal«‘s in cookiiig' tlie walei v solu¬ 
tion. Similarly, diastase in sohition is eoagnlaled 
and lendmeil inelTeetivi' 1lironi;h the action of certain 
acids. IS)K’cially tlK‘ lactic, l)ntyric, and acetic a<‘ids |)r(>s- 
cnt ill the mashes, .and, less r(>adily, hy th(> salts of tlic 
hi'avy metals. 

t'cit.ain snhslanccs have an ii-ritatinj;’ and slimulatin”’ 
ctlcct U|ion diastase; amoni;' these are as|iarai‘'in, |au- 
tienlaily in the )n'<'sene(> ol' earhonie acid, small i|n;m- 
litics ol miiH ial aeiils. es|ieeiall\' hydrollnorie .acid and 
its salts, as well as small i|nantilies ol’ em'tain ]ihos- 
|ihat( s. Lactic acid m .^iiinll (iikiiJ i/irs also has a Itu'or- 
ahle ( rtect upon the action ol diastase. 

2. Peptase. 

Ih'sides llu' deeom) losi I ion ol starch which is (dlei-led 
)i> diastase, the decom|uisilion ol allmminoids is of im- 
jioi lance in alciihol and ye.ast mannl’acture. d'lu' |iur|)osc 
ol' the alhumiai contained in the law vecctalile matter i.s. 
in c-eneral, to |)ro\’id(' nutriment foi' tin' .i>row'ini;' i;'('rm or 
seed, or to act as the hasic snhstanc<‘ Tor the I’ormation of 
<nzymes, hut it is ada|ited for this ))ur]ios(‘ only when 
it has ln'cn made diffusihha 'I'he aihumen is rendered dif 
fnsihle hy the ix'iitase, and thus the latter |ilays an im- 
jiortant rok‘ in the |irei)aratiou of the malt and in the' 
uourishinf’’ of the yeast. .Malt [leiitase is jnesmit in un- 
i^'ermiuateil harley in \'ery minute (|Uanlities only, hut dur- 
in,i>' tlie f’r'rminatiuf' |iroeess thesr' increase suhstantially. 
d’he enzyme acts u|ion the aihumen of the j>rain in differ- 
mil de,i!frces, according’ to the tem|ieratur(! and the <|uan- 
tities of acid ]ii’esent in the solution. .\t a low tem|iera- 
tui'<‘ tile deeom|K).sition is slow hut widt'siiread, whih' at 
tiif>hrr toiniieraturos it is more ra]>i<l hut less <*oniprehen- 
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sive. Small (|aantiti<'s of <)i\i>’aiik' aoid liavo a favoialile 
ofIVct will) regard to (he masses of tiu* tleeomposed alhii- 
inen. 'I'Jie final ])iodnels of tli(‘ deeoinposdion ai'(> snh- 
sfanees which i'eseml)le the amides. Aeeoiding to Windisch 
and Sehellhoi n, (lie enz> ine in solidion can wilhsland ((‘m- 
I'eiatnies np (o l-l(f |'\ and is dostro.vc’il at loS’ h\ 

.\niong (lie all)mnen-deeomposing enz.\nies, yeas! pep- 
tase (endo(iypsin) is ofgieat impoitanee. It introduces 
alhnmeti into the y<‘ast and pi'oxides nutrimeiil for it. It 
)i(<-onies aeti\’e as a feeding enz\'nu‘, not oid>’ when ih(“ 
\ east reeei\(’S noniishment from exleinal sonre(‘s, lint also 
when nutriment from an outside .-niiply is not a\'ailahh\ 
In the latiei ease it l'(ndeis the I'eseiA'c alhiuiK'n digesti- 
hh' and eapahh' of utilization P_\’ the yeast, d'he de\’elop- 
menl ma.\ < \ en go so far that i h(‘ peptase attacks the pi'o 
toplasin itself (if the cell, and (hei'eli\ causes the destine 
lion oi the > east, 'file action of the i'nz> nu‘ upon the s’easi 
isapoareiil in the changes which it effects in (he ehaiaeter 
isties ,i| (he same. l''loeeular \ easts hceoine powdei.\'. 
^'easls of consistent or solid form heeome soft, according 
to Lange, 'file ael i\il,\’ of the en/,\ me is i nei eased hy rais¬ 
ing th<' temperalnri'. 'This eliai aetei islie is ntilizial in 
piaetie-e in Ihe treatment ol sin lace N’east, in x'lmsi eiiltiiie, 
and ill ai'titieial \eas(. preparation. '1 he pe|i(ase regulates 
and goN'eriis (he well-lH'iiig ol (he >easl cell. It is \'.'ry 
elosel\' related to the sugar-decomposing enzyme, z\'niase. 

3 . —Zymase. 

.Recording to llu' eiitiiely new \iewpoint |)resen(ed liy 
('. Ituehner after his recent investigations, zymase is the 
( nzynie of (lu‘ \easf which effects alcoholic fermentation. 
It was diseox’ert'd Ipv Itiicimer in IS'Ki, when he jirodiu-ed 
a. eell-fre(‘ compressed yeast, liipior, Avliieh set up fermen¬ 
tation in a sugar solution. ^\s the sugar \v;is split u[> 
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quantitatively into alcohol mul carbonic acid, it was jirovcn 
b>' lh<‘sc rcs('arclics of Jiuclincr that alcoholic fermen¬ 
tation is an enzyniolie, process. If mixed with an e(iual 
volume ol cane suf>ar .‘■■olulion, exi)ressetl yeast liciuor sets 
u]) a regular (‘volution of carhonii* acid, within on(!-(iuar- 
ter to one hour, which continues for days. Solutions oi' 
other vai i(“ties of sugar heliax’e in a similar manner, hut 
no phenomena of lermentation appt'ar in solutions of milk 
sugar and mannite. d’lu' characteristics of the enzyiiK' 
liaA'*' been closely studied by nu'ans of the (‘xpri'ssed yeast 
li(luor. 'flu* enz\in(‘ is \'(‘ry sensitive to higher t(‘mpera- 
tures. ^\dK‘n se])arated 1 rom the (‘<“11 it soon becomes in 
active', even at the ordinary tempe'rature' of the idom. 
Cooling by means of ice or other refrigeration is there 
fore employed in its prejiaiation. Iti the cell itself it is 
capable of withstanding tt'inperatuies consideiabl\’ higher 
than in the expiessed li(|Uor. hiveii under gradual with¬ 
drawal of moistun' from th(‘ yeast in a vacuum, together 
with the apjilication of heat h’.) for several hoiiis in 

a curi'ent oi hydiogen, the enzyme, according to Ituchner, 
still retains its fei mentati\’e efticacy. In a sugar solution, 
cA'cn at a warm temperature, it lemains active for a con¬ 
siderable peri<jd. In highly concentlated sugar solutions 
the tcrnif ntative ])ower is uiqiroixa tionately strongxn- than 
in dilute' solutions. 

AV’hcn expressed yeast licpior is allowed to stand for 
some time, an albuminous turbidity soon manif('sts itsc'lf 
without the a])pearance, however, of microscopic organ¬ 
isms. Its If'rnu'nting ]iower is not (U'stroyed by liltering 
tlirough diatomac(>ous earth, wJiich retains the yeast cells 
])resent in solution. If a tube of i)ai(‘hm('nt i>ai)er be sus¬ 
pended iji a ‘.'>7 per cent solution of cane sugar, the surfact' 
of the tube becomes covi'ied with innumeralde minute bub¬ 
bles of gas within a few hours, while a strong evolution 
of gas is evident in the interior of the tube. It would seem 
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lliat. tlio oiizyiiie Joses its fcnnoiitative efficacy, eitJier par¬ 
tially or entirely, when jireeipitated with alcohol. 

'I’lie zyinasi* enzN ine tinds ])rotection as’ainst tlu* pe])tase 
inizynie in tlie siif^ar. The antafijonisni hetween the two en 
z> ine.s is h'ss evident wh<>n the cell is sufficiently noni ished, 
and it is only very active when the cell is in a starved <‘on- 
dition, lor inslanc*', when th(> solution is at rest. 9’he teni 
])(‘iatnre especially is an im|)oi'tant factor in this conui'c- 
tion. According to the sloraf><‘ tenpiei'atnre, low or high, thi' 
one or the otiu'r enzynu' obtains the mastery. Storinl at a 
leinpmature of 34° to 3(>° h’., the zymase of tin* yi'ast in¬ 
creases for a consideral)le ]i(“ri<id; at 77° to Sti" K. it is 
usually destro\(>(l even aftei’ hnt a few days (Di'lhriick, 
Lange, and llaymann). I’eptase is fuA'ored in its devi'lop- 
ment b>’ warmer tmipieraluri's. Stored yeast becomes soft 
in stamling, its fermentative eflicaey being dc'stroyeil, as it 
were, in tin* yeast its(4f. lAunienlation will be nonnall.v 
imlnced when it is possible to conduct tlu! develojiment of 
lh(> 'mzyiiK' in siu-h a maniU'r that the zymase retains its 
masuM V over the ]ie]itase. 

While it appears that the active agmit in tiu! liijuld is 
a nitrogenous (‘omjxuind of (mzymotic natui'e which de- 
conpioses sugar in ac'cordance with the enzyme theory of 
4’raub(' and I topiX'-Seihu', it is not yet ipiite clear how 
this decomposition is effected. While invertin can be 
leadily e.xtracted with wat(*r from desiroyixl yeast cells, 
active zymase has not up to the i)resent been obtained in 
this mainnu'. Zymase* ajjpears to lx* a constituent of tin* 
living |)lasma, similar to the inverting ferment of MohU'ki 
tdiid'ida, and not a constant soluble enzyme, ddie fermen¬ 
tation of the sugai may take ])lace inside the yeast cell, 
though more ])robably the albnniinous body is separated 
by tile yeast cell during the fermentation in the sugar 
solution. Aci'ording to Buchner, the fermenting process 
is, therefore, a physiological one in so far only as the 
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zyinaso is separatetl by (he yeast eells. MMie (‘x- 

|)i'(‘sse(l li(|iior I'rmii grain >east ])ru))al)ly eoiilains a pi'p- 
tie enzyme wliieli lias r(>n<l(>re(l the zymase inelTeetive; 
(lie li\'ing residues of the plasma of tlu' yeast eells do not 
indnee fernumtation, as (he (eiineidalix'e effect is not de¬ 
stroyed hy ehlorofoi'm. benzol, or by other antiseptics. 
\dgoions leiiiumtation has bexm set ii]) with ]>nre nnin- 
Jnri'd yeast car(>l’nll>’ dried in air and heated to l!ll! h'., 
tliongh yx'ast heati’d to from l’S4 to I’b.') l'\ was destrox'ed 

at these temperatures. 



PART III. 


THE PRODUCTS OF FERMENTATION. 

I X |inv(‘ r('nii(‘nlati<)ii sii.i^ar, is lln'orofioally 

s)ilil ii|) into alcoliol and carlioiiic acid, accovdinc- to 
lli(‘ Fonnida : 

CJI.J),. -■ I'CO, f lU'.llJ). 

Su^ar <'.irhoniu m i<l MlIij I aJof'liol 

(iuf. fli(‘ ol sniiin' hy in<‘;iiis oT llio /oast 

is Tiot as sdioolli a tM'(M'oss as (liis, (or (Ikm'o is a[\va\s 
rdtincd a nmiilKT ol' ii\-|n odin-ls which (hcrcasc llic 
ainoiml ol' alcohol rccoN'cicd. 'The (|iiaiilil\' ol llicsc Ia- 
|irodlicts ma\ he ic!.;a!dc<| as rc|ircs( iitinc’ I'l'aiii 4 lo (I jicr 
ccnl (j'' the siiyar. 

1 . Alcohol (Spirit of Wine;. 

1'h(' chicl' |iiodiicl of lei'iiientalion is (dhyl alcohol oi' 
spiiil of wine: KMI paits oh snyar (de\(i'<ise) would yield 
al.M pails of alcohol and tS.Sii pails ol’caihonic acid hy 
ahsolnle (h'coniposi I ion. I low (O'cr. in |ii'actic(‘, as saiil 
hcl'ore, the alcohol \ iehl is ncx'er as hiyli as ihis, I'or a 
cerlain proportion of Ihe snyar is otherwise acted upon hy 
the \east, and is coii\'ertc<l inlo oilier sahslanccs hy t'er- 
nieiitalion. I’lire anh\didii.s alcoliol. “ahsointe” alcohol, 
consisis of carhon .'ilM.L.' per cinil, hx’drocen l.'i.l 4 per cent, 
and o\y,i>en .'11.74 iicr cent. Its consi it ul ion in ;d()niic 
wcic'lils is ' Ill, II,," (i, and () ■ 1(1. 

Spirit, hclon,:>s lo Ihe .n'roiip of hoinolocoiis hodies to 
wliieli the generic t<‘rni of alcohol is aiiplii'd. 'riie tirsl in 
(his .series is nietin I, or woixl alcohol. The ne.xt, (he alco 
Jiol liero ill (juestion, Is etiiyl alcoliol. Then follow in ordcu', 
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|)ro])yl alcohol, butyl alcohol, etc. T3y oxhlation these alco¬ 
hols are converteil into tlu- correspoiKliiig acids as, for in¬ 
stance, formic acid from methyl alcoliol, acetic acid from 
ethyl alcohol, ))r<) 2 )ionic acid from itropyl alcohol, etc. 

I'lthyl ah'ohol is a thin, mobile, inllammabh', and strong¬ 
ly refractive licpiid without specific taste or odor, and it 
can be mixed with wat(“r in any desinsl jiroportion. In 
mixing: alcohol with water a contraction takes ])lace, so that 
50 ])arts of alcohol mingled with 50 parts of wat(‘r yield, 
not too, but 00.4 parts of dilutial alcohol. In conse(pience 
of thi.s (‘outraction, heat is (‘volved during the mingling of 
the alcohol and tlu* water. .Absolute alcohol ))ossesses 
strong attraction for water, and ladains it tenaciously in 
solution. "rh(‘ specific weight of absolute ah-ohol at 15' 

or 50° F. is 0.704, and its boiling jjoint is 7S.4" ('. or 
i7;r F. 

As the boiling iwint of water is 100° (’. or 212° F. the 
determination of the boiling point of an alcoholic Ihiid 
affords a means foi- ascertaining the (piantity of alcohol 
contained in it. Furthermore, betwi'cn its freezing point 
and its boiling ]>oint, alcohol exjiamls 0.0!>.‘!(i of its volume, 
whiU> the co-eflicient of expansion of wati'r betwe-en tlu* 
same degrees is 0.027S; the cx])ansion of alcohol is thus 
2 1/2 times greater than that of water. 'I'liis fact is made 
the basis of a methoil of alcohulometiy in which tin* varia¬ 
tion in luMght of a column of mei'cur\' subjected to the 
pressure of alcohol vapor and of water vapor is made a 
measure of the (piantity of alcohol contained in a tlnid, the 
differences in the timsions being observable. If alcohol 
be mixed with snow in the pi'oiiortion of 2 to I, tin; tem- 
lieratun* of the mixture falls to —5.8“ F. 

Alixtures of alcohol and water have higher siiecific grav¬ 
ities than absolute {dcohol, and a definite sjiecitic gravity 
corresjionds to eaidi inixtuie, so that it is jiossibh^ to de¬ 
termine the proiiortionate alcohol content of each mixture 
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by ascertaiiiiiig tlie specific gravity of llio same. This is 
d(‘teniiinc(l in practice liy means of an alcoholometer. 

As alcoliol is volatile ami vaporizes in lioiling, it can 
be driven i rom the masli by distillation; the non-volatile 
constituents—unfermentc'd sugar, spent mall, husks, yeasts, 
salts, and the non-volatile by-products of the fermentation 
— icmain with tin* griaiter part of the wat(‘r as “wash.” 
As alcohol is more volatile than wati'r, a stronger alcohol 
distills o\’(M' from a mixture of alcohol and water in the 
mash than is contained tlim'cin; tlierefor<‘, if the distilla¬ 
tion be rejieatcd a number of times, it is possible to 
strengthen tlu> alcohol n]) to a c<>rlain limit-- about 1>7 per 
c('nt. 'I’iiis was tlu“ process of the old distillmii's, and it 
was carried out with simple a)iparatus. Here the distilla¬ 
tion was ri'peated until the desired strength of th(> alcohol 
was attained, though this method of producing high )ier- 
centag(“ spirit was expensive and slow. In modern dis¬ 
tilling ajiparatus the idcohol is ]>roduced highly (‘oncen- 
trated liy a single operation, comiu ising, however, numer¬ 
ous and reiK'atcd concentrations and r(>distillations. The 
K'lnaining 3 to 4 jier cent of water in the spirit cannot be 
removed even by fh(‘ best and most highly imiirovcd ap- 
liaratus. To aci-omplish this final removal and to obtain 
absolutely pure s|uril, it is necessary to emi)loy chemical 
substances capabh' of ;d)sorl)ing water, such as (luicklime, 
fused calcium chloride, metallic sodium, barium oxide, or 
di'hydrated suliihate of coppiux 

Alcohol freezes at extnnnely low tmnperatnres only; it 
(‘ongeals to a crystalline mass whii'h melts at 11-1 ( 

or_lfi!).(i° Thus it is well suited for use in thermom¬ 

eters adajiled for the determination of great degrees of cold. 
It is of great value as a solvent for many substan'ees, 
including resins, volatile oils, ethers, tatty acids, and 
nunioi'ous salts. AVhen ignited it burns to carbonic acid 
and water with the evolution of considerable heat, but 
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witli a flaino only slightly luminous and without giving 
olT soot. 'I'lio heating \'aiue ot ahsolut(> alcohol lii's he- 
tweeu Ih'l'.lh and 11,(i(>4 B.'r.lh; its utilization 

for te<'hni<‘al pui poscs in motors, illuminating dex ices, etc., 
is due to its high healing value*. Absolute alcohol is an 
active* jioisou; moderah*ly tak<*n in a dilute* e'ouelitiem it is 
aelapte*el tee re*iilae‘i* sugai as a nutiitive* sul)slane*e, anel has 
a stinndant elfe'ct, at least te*mpe)i'arily, ujiou tlu* human 
syste*m. 

il—Carbonic Acid (Carbon Dioxide). 

In fe*i'mentatiem the* preeeluct eif gi-e*ate*st im|iortane‘e' 
after ale-eehe)! is e*arheinie* ae'iel, a gas of j)e*culiar, we*akly 
aciel taste*. he*ax’ie'r than atme)sphe*rie' air, anel with a 
spee'ifie* grax'ity eef l.s;).'! at a tc*m] ie*rature' e)f alt l'\ anel a 
])re'Ssure* eif Ttitl millime'te*i s iiie-hes) ; 1 e*id)ie* I'eieil eel' 

e*arhe)nie* ae-id \ve*ighs l.Da e)une'e*s. Ih'e-ause* eef its high 
spe'e*ilie* gravitx' e'arhemie* ae'iel is apt te.) gathei' in the* le)\ve*i' 
]>oitie>ns eef lerme'iiIiiig he)use>s, :uiel if the* ve'nlilalieen in 
these* is insuflie'ie'iit. is liable* tee al'fe*e't animal eerganisms 
peeiseeneetisly. It ehee's neet sujepeeit e-eeiidenstieen anel is, in 
fae't, e-apahle* eef e‘xtinguishing hurning mate'iial. It is 
peessihle* tee ele*te‘e't elange*leeus epianlilie*s eef e'arheeilie' ae'iel in 
fe'inie'iiting heeuse*s ley the* he'havieer eef lamps anel eethe'i' 
lights, whie'h are* pul eeiit h\’ the* gas. 

III.—The By-Products of Fermentation. 

The hy-}eioelue*ts eef fe*rme*nlalieen are fuse*l eeils (primal ily 
aniN’l ale-eeheel, ('-Il,,()) as we*ll as se*ve*ral is<eme*rie' anel 
liomeeleegeeus aJe'eeheels anel lhe*ir ethe*rs. 'I'he* fuse'l eeils are* 
mixture's of ah-eeheels leeeiling at highe*r le*m|ee*rature's than 
etliyl ah'eeheel, anel the*ir e'eempeesitieens vary with the* raw 
mat(*i iais use*ei in the' pieeelue*tieen eef the* alceeheel. 'I hus, tor 
instance*, wine* fuse*l eeil e'eeiitains tieermal propyl ale'eehol, 
C'dl.,(), while neernia! hnlyl ale*eeheil. (hll,„0, arise*s freem 
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(lie f>'!yc‘ci'in(' roniu'd diniiif;- iVriiiontation in tlu' presniicc 
of caU'ium carhoiudo. Fusel oil, amyl alcohol Ihmiij;' cs|ie- 
eially understood nndei this neiiei ie name, is |)rodueed 7iot 
only lliioni;h the leinamtalion el'I'eelcMl h\- alcoholic v'casl, 
hut, also hy liaetei ial t'ei mentation. Although tin* I'orma- 
tiou of lus(l oil is not \'et thoiou,nhly uudeistood, it ma\’ 
nevei th( less he assumed that a pui'e, well-nourished, and 
aeti\'e \east pi'oduees less Insel oil than a \veal;er one, and 
that less of lh<' suhstanee apiiears at the he,i;iniiiui>' thaJi 
near till' end ol' the action, 'riiere are also elher-formin!<' 
leasts. 'The kind anil mimlier of the hy-]iroduets depend 
upon the lariety of the yeast used. 

In addition to the fiis I oils, sueeinie acid and i"'l>'eerine 
aie le.nular h> pioduets, const it at iny to,!>'etlier ahout 4 per 
(■(lit of the decomposed siiua'. 'I'lie theories conceruini!;’ 
their production were, until lately, ratlicr \a,ifue. Aftei' 
Ituchner, howei’cr, had proven that these h\' |U'oducts ap- 
peaieil even in non-cellular fei mentation, there could he 
little doulit that eir/i motic action i;'a\'e rise to them. Per¬ 
haps liie formation of ylicerine can he attrihnted to a 
lipase, and that of succinic acid to an ovydase. 

'The aldehyde and acetic acid which are sometimes iires- 
eal in the mash could also he formeil hy the yeast, hut. 
I hey are usualli' <iue to secondarv decompositions of the 
alcohol alread>' foiined. 'riic iireseiice of these sulistances 
is, therefore, (ietrimeiital to the alcohol iiroductimi. .\lde- 
hv’de is a colorless, vet\v mohile liipiid vvith a sullocatiTii;' 
odor, and is foiiued hi' the oNidation of ethyl alcohol. ]t, 
is found chiefly in alcohol obtained from su.nai' beets, and 
at hishei' tempeiatures is miscible with .alcohol and water, 
and is soluble in ether in all propoi'tions. It is readily 
I'ondmstihle and has a specilic gravity of l^>y further 

o.xidalion of the alcohol, acetic acid is formed. This may 
also lie obtained in the destructive distillation of wood, 
fiom the watery fluid or wood-tar liipior inodueed. 



PART IV. 


FARINACEOUS RAW MATERIALS IN SPIRIT MANUFACTURE. 
I_THE potato. 

I. The Composition and Qualities of Potatoes. 

T HK potato (Sol((>niin fiihi-K^sinn) was originally 
found ill Chili, Porn, and Mexico; it was intro- 
ducetl into I'inrope in the sixteentli eentmy, 
tlioug'h at fiist only as a luxiiry. Sini'e the heginning of 
tJie eightt'entJi einitniy, it has heeonie an important and 
liopular aitic'le of food; hut it was not used in the iie 
ilustiy of distillation until the latter part of the same een- 
tnry. It is remarkaldy well adapted for tiiis ])urpose as. 
witii tile e.xeeption of water, starch is its main constituent. 

d'lie yield of j(otato<‘s, as ni'll as th(‘ (piantity of starch 
contained in them, deiKuids largely on the soil in which 
they are giown and on the meteorological conditions dui’ 
ing their growth. Clayey sand, or sandy clay, in dry, ele- 
\ated localities seems best adapted to jirolitable potato 
culture. Over one thousand varieties of potatoes are at 
present known; tlu'se are di\ idl’d into eaily and late 
liotatoes, according to the season of tlie year in which they 
I’ipen. Certain kinds thrive bi’st undi*r definite climatic 
and soil conditions, and it is largely a matter of trial to 
ascertain the vaiieti' liest suited to a particular locality. 
Within recimt years jiotatoes have been greatly improicd, 
and ex]ieiiinents to prodiii’i' vigorous potatoes from seed 
have met with fair success, the varieties produced show¬ 
ing not only great ])Ower of resisting disease, but being 
also distinguisliexl by a high iiercentage of starch. 



INDUSTRIAI, ALCOilOI, 


47 


Tlic !iverag(! coiiiiiosition ol' a pohito available for dis- 

tillhlg |nu'|)()S(‘S is; 


Water . 

Dry substances. 

NitvojJieiious substances. 

Fat . 

Starch . 

Non-nitrojAeiioiis oxlrnolivc substances 

Woody nijcrs. 

Ash . 


7r).4X 

24 52 
1.05 
0.15 

10.00—24.00 

2.00 

0.75 

(t.OS 


Slaicli, tli(' feniieiitablc, stifiar-yiehliiii"’ carboliydrato, 
is llio most, iini)ovtaiit ooiistitiieiit ot the potato for tlie (lis- 
tilliiif;' pi(»(‘css('s. Not only is the expense of raisiiifr a large 
crop ol' potatoes, ])oor in stareli, liiglier than the eor- 
u'spondiiig eost for the prodnetion of a smaller erop of 
till' tuhms hax ing- a higher starch eontmit, hut, fiirthm-- 
more, the expense of working the former is higher than 
that necessary to produce an <'<|ual ipiantity of alcohol 
from t'u‘ latter. Finally, it is jiossihlo to utilizi’ the bonded 
mashing housi's far more advantageously in working jio- 
tatoes rich in stareli. 


'I'hc Botanical and (Hicniiiud ('iKinuicristics of the 
Potato 'J'ntn'i'. 

If a iiolato ho cut through transversely, the outer skin 
layei' is clearly visihh*. The shell consists of thick-walled, 
cork-like cells, with dried-u)i proloiilasni, shown at a, Fig. 
4, and the.si' serve as an outer protection for the tuber. The 
iK‘xt layer (h) consists of thin-walh'd cells rich in ]uoto- 
plasm. Uoth these layers of cells contain no starch. Then 
follow strata of richiy iirotoplasmic ei'lls which contain 
a few small starch granules, and finally the cells ol the 
farinaceous mass (e) containing the hulk of the starch. 

The starch of the potato is held in suspension in the 
fluid contained in the cells, and is in the shape ot white 
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sraimlos vaiyiiiK widely in size* and I'onn. Tlie diiid eoii- 
sisls ol' a solalioii ol allaiiTii'ii, suyar, and niineial and 
<)ri>anic suhstances. 

I>y hniliny, lieatiny, oi’ sleaniini'’ potatoes the starc-li eni- 
)i(ald('d in th<» cell Juice nnderyoes <a ehan,n'(‘. 'I'ln* _s>'i'ann]es 
ahsoil) all tlii' llnid 1)\' \vlii<4i they aie snn'onnded, inereasc' 
in siz<', and tinall,\ (ili up the (uitire cell space. 'I’liey then 
a])peai’ as a fonyh s nii transparent mass, and the staieli 
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is said to ha\'e gelalinizcsl. It is in this stat<' that tin* 
I'ei inent of the malt, the diastase, can most enei ye) ieally 
e.xeit its saeehariziny aelicjii ipion tin* starch. ()fl(“n, po¬ 
tatoes wliieli art; iJeli in starch do not contain suflieieJit 
wat(‘r for pio])er e<i|;itinization, ami the distiller must, 
tlierefor(‘, e.xereise ijfreat care in drawing' off the amTiioti(! 
or fruit watei- dui'ing the st(‘aming' pioeess. 

Besides starch the potato contains woods' fibers, a litth' 
fat, and on an average? about 1.070 pe-r cent of minei'al 
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stilistaiu'os. 'I’lic laltc'i- consist inaiiily of })olasli salts of 
|ilios))hori(‘, liydrochloi i<', aii<l sulphuric acids, potassium 
fonuiiij^ about (ill per cent of tlic ash of tlie [)otato. 

'Die uitros'ciions consfituciits of the jiofalo, which i^cii- 
crally form about II..'>24 jici- cent of tlic mass, com|)i'isc, 
aci'ordiui>' to tlic iiiA’cstigatioiis of (Scliul/.c, 111.2 |icr cent 
of iiisoluhh* aihumcii. 4(1.1) per cent of soluble albumen, 
and fh(‘ remainder in lh<‘ form of amides, 21.(i per cent 
hein,u' asjiaia.u'in and IS.l! p(>r cent aniidie acids. Iteeause 
of its larlie eonleiii of asparayin the potato is an excellent 
nutrieni iiudimii for yeast. N'easis eulti\’ated in jiotato 
niasli(‘s ar(‘ehaIaideriy.ed by yreat i>'(‘rminative |)ower. 

I nripe potatoes. rielil\ I'ertili'/.ed with sallpi'ter or some 
other powerful nitrogenous feitilizer, oft(‘n contain excep¬ 
tionally hirg'i' <|uaiitities of amules; these nourish tiu' yi'ast 
so strongly during the working of tIu* potatoes that tli<> 
ineon\'eni('nt foaming termeiilalion arises. 'Diis form of 
fermentation will h(> diseusseil more fully in connection 
with \east prepjiration. 

.\eeording to tiu* invi'sligations of iSaari', jiotatoi’s com 
tain, hi'sides starch, (1.4 to .‘1.4 per eeiil of sugar and (1.74 
to d.ll.') ))er cent of pimtosanes among the' non-nitrogonous 
suhslanees. 'Die latter are gum-like bodies which, through 
lix'drolysis, form sugars having live atoms of earlion, hut 
which are not ferniiuilahle by means of yi'iist. 

N'egetahle acids, among them citric acid and the sour 
salts of oxalic acid, o<-eur in the potato. 'I’hcse, together 
with the amides, give tiu* acid reaction of iiotato Juice. 
In examining llu' Juices of many potatoes, Saarc found 
that potatoes grown in rich soil gav<‘ mcri' traces of acid, 
whih' tho.se cultivated in light or poor soil, on the other 
hand, were far more strongly acid. Naturally jiroducts 
of sour nature must arise when {lotatoi's are steamed, for 
the aciditx- of the sweet mash varies between (1.2" and 0.9°, 
1 ilegree corresponding to 1 cubic centimeter of standard 
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sodu sohition iioccsmny fo iK'iitralizc l’() cubic cciilimctcrs 
of liltcicd mash. 'I'lu' .iuic(‘ ol rutted [lotatocs is nuire 
sti'ousily acid tliaii that of the normal tui)er. 

2. Phenomena During the Storage of Potatoes. 

Duriiii’' stoi'a,i;'e potattH's should increase in starcli con¬ 
tent; tliis increase is, liowevei, only an apparent oain in 
tlie ixu'eentaii'c (d' starch, and is due to th<“ loss (d' water. 
Dui'iiii*' |)rotract(‘d stoiai!,'e Iheie is a loss in starch, as a 
pait of the lattei- is liipietied and consumed hy eny,>mes. 
According' to tlu' in\’(*stigations of Miiller-Tliurgaus. three 
]>roces.'i'S t;die plac<> simultaneously in th<‘ potato: I.oss 
of water tlu'ough evaporation, con\'(Msiou id’ starch into 
sugar hy the action t>f diaslatic en/.,\'mes, and destruction 
of the sugar tlirougli resjjiration, accomp;uiicd })> the evo¬ 
lution of earhonic acid, d'lu' first and last processes cause 
losses; th(' ^•<‘maining■ oiu* do(‘s not. If the Ihree pr<jc- 
esses halanc(‘, tlu' proportional starch <'oideid is the same 
hefore and aftm' storage. If the eraporation evceeds, tin* 
p<‘rc<‘idag'<‘ of starch increases; if tlie resi)iration |irepon- 
deiates, it deci'eases. .\hsolute loss(‘s always take* )dac<‘. As 
respiration is less at rleci'r'asing tempeiatures and prac- 
tieall.v ceases at :>'J' 1'’., tlie losses are coi'respondingl\ less 
the* nearer tin* storage temperature approaches the latter 
])oint. 'The diastatic action, liowcvcr, is affecteil very 
little hy low tenpieratures. if tlu' temperature' falls hi'Iow 
:iS' h'., the potato frei'y.es. J'd'osted pot.does acipiire' a 
sw(‘('t taste, du(' to the formation of sugar caused liy 1h(' 
iut(‘rru|dioii oi' <'h(’ckiug <d' the res[iirator\' ]iro(*ess, while 
till' coinersion of tlu' starcli into sugar continues. In stor¬ 
ing iiotatoes in a falling temperature tlit're are three' possi- 
hilitie's: If the' t('m]ie'rature' falls sleiwly tee k'., the' 

sugar fe)rmatie)n e'euitinue's, the' ri'spiratieen ek'e're'ase'S, anel 
tlu' tuhe'r he'e'eunes swe'e't. If the' te'iupe'i'ature tails he'low 
■J8% the jieitatetes free'ye anel re'iiiain sweet. If the te'iiipei'a- 
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(uK' tails rapidly lielow :2S”, thr ))olatoc‘s Ircezi* ))nt do 
not biH'onu' sweet, as there was not sunieieiit time to pei - 
mit the 1‘ormation of .siif>ar. 

It should he a rule in storin'^ potatoes to maintain the 
tempeiatnre at such a point that respiiation and sugar 
conveision eount('rl)alanee ; tliis is nsnall\' the ease at tem- 
p<‘ratures lietween th' and oO h'. d'h(> lemperatni'e should 

under no eireiimstanees he i»ermitted to fall heJow the 
l'ie(>zing' point, .'t^ ' 1'’. 

I'uring gel inination tlie )iotato loses a eonsiiku’ahle ]iro- 
)iortion of its starch, the loss vai'\ing hi'tweim .'I.IS and 
'.i.Ss pci- cent with gei'in lengths of (1.4 to 0.8 ineli and 
I .'J to L.'.(i inehes I'espeetir'ely. 

Smious losses in the potato ai'(‘ also oeeasioned hy 
diseases wliieh cause tlie tnlier to lieeome sott and |iar- 
tiaily rotten. W'el rotted |Ki(atois lose a portion of tlie 
sol't, slareh> mass during wtishing. d'hey are stetuned 
with gieatei- diriieulfy than healthy tuhers, and are often 
I h(‘ e: use of impure rermentation. 

I’otalo diseases ami rot ar(> due to certain fungi. Ac¬ 
cording (o the cluiraeteriy.ation of l>. h’'rank, the i>rineipal 
of these inelmh*: 

lot, which attacks the vine particularly 
and does not affect the tidier and the stareli. 

nil (Julius Kiilm), wliieh attacks the tubers 
end destroys the stareli. 

'I’lit' rot caused by Fiisi'iiiiin Salaiii (Wehnier), which 
occurs wlieii the vegx'tabh' is in licks or bins, and is in¬ 
nocuous as far as the stareli is (‘oiu-crned. 

Ni'iinitiild or worm rot, caused \>y inimical animal or¬ 
ganisms, and harmless with regard to the stari-h. 

Scale or scurf upon (he skin of tiu' tuber; tlie cause 
of this has not yet been determined with certainty. 

Lack of durability in a )iota(o can also be ascribeil to 
the disintegrating m'tion of enzymes. 'I'lu' fungus disease 
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is only a soc'ondaj'y occni'rcnico oallod fortli by tlio do- 
struc(iv(‘ activity- of flu> rcinit'ids. Abnormal (‘onditioiis 
of liji’ld in('r<'as(> this activity. Idspccially, li()\vc\'(>r, is it 
diK* to tlu‘ inflncnc(> of the tcmpciatui’c; the “liotness” 
t)i' tilt' vcf^etahle is the cause of the fnnj;'ns i>'i'<)\vtli. 

'Idle speeili(‘ j;i\‘nit\ of the ]!otato varies according to 
its starch ]iereentag(', hetween 1 .OS and 1.1,5; potatoes rich 
in starch iiave a liiglier spc'cific giavity and a greater 
[iroportion of dry suhstances than less starchy tuhers. 
Hence it is possible to estimate the iK'rcentage of starch 
in a jMitato by iiu'ans of its sjiecific gravity. 'I'lie smaller 
llu‘ ((Uantity of the other dr\' suhstanc(*s -albumen, \'eg(‘ 
table fiber, and so forth the more accurate will lie tin* 
det<‘rmination of the starch content hy means of the 
specnlic gravity. 'I’he (|uantity of thes(> suhsfanc(*s \-arit‘s 
hut little, according to [last iji\-estigations, principally hy 
Hchi'cnd and .Macrcker, the mean being about 5.75 pei' 
<'(*nt. 'I'hus, a higher content of drv substance' in a potato 
indicates a larger starch percentage. .\s the' (piantily of 
starch is, however, not entire'ly constant, results may be 
obtained with this method which are not (|nite accurate; 
some of them may I»e 2 per c(‘nt out, one way or the other. 
As the cai r> ing out of this nu'thod is simple and r(‘(prn'es 
but little tinu', it is largely used in piacticc, notwith 
stamling the* iiossibility of small (‘rrors in the le'sults. 

3.—The Investigation of the Potato with Regard to Starch. 

Tlie (b'vice most commoidy cmjiloycd bn- this pur|)Ose 
is the li’eimann jiotato scale illnstratc'd in Fig. 5. 'fhe 
determination of the s|iecitic giavity of a substance is 
based upon the fact tliat a body when weighed in a fluid 
loses in weight an eiiuivalent to tlu' weiglit of fhe mass 
of lirpiid displaced by the body. As the metric system of 
weights is bas(*<l nixm the weight of a determined volume 
of pure water—1 cubic centimeter of water weighing 1 
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firaininc-—it is |iossiI)le to ascertain the volmiio, in cnbic 
(‘entiniciors, of a body of s|ii>citi(' wi'ig-lit by fin<lini>- its 
loss in vvcif’lit wlien weiK'bed, in yrannnes, in water at 
normal tcmiperatiire. b'or instance. 1,000 ifianmies of 
potatoes weij^h, say, ]l!5 K'f^onines in watei’; thus tliey 
bar'<‘ lost H75 y;rainines in weic'lit, and this fic'iire r(‘pre- 
sents their volnuie in enliic centinietm s. Tlien, by dividinf>- 
tile absolute weii>lit by the loss when weighed in liipiid. 
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lh(' sjiecific fj:ravily is oljtaiiicd as tlio result; thus 

1000 • s:,') = 1.1 4;!.' 

"riu‘ IkciiiKUin a|i])aiatus is a (Icciiiial scale, and cari'ies 
at. its slioi ter arm two baskets of wire ii(4tin,i>' arrani^'ed 
one abo\’e the other, tlie lower one dipiiinn' into !i \ess(‘l 
tilled with water. Mxaetly .I kilogrammes (11.02 pomi<ls) 
of e.arefully-eleaoed potatoes are w<'i,n'li(‘d off in the uppi'r 
basket, and ai(> then tiansi'erred to the lower one, whei'e 
their loss in wein’lit, eepiiA'.alent to the water displaeeil, 
can he dedermined. 'Phe ;n eomp.-inyiny t;d)le yives the 
weijj;hts under water t'oi’tlu' stated te-st weight of pot.atoes, 
with th(‘ eorrespemdint>' speeitie y,'i'avilies and pere'ent- 
;i,a,'es (d'dry snhstanees and starch I'espeedivel>'. 

in nsiiifj;' the Keimann scale the following,' jereeantions 
shonid hi' ohsei veil : 

1. 'riie ti'st sample to he taken from the nniss of 
]iotatoes innst he eareful!>' elioseii, as ditVerenees in the 
tuheis often oeenr e\’en in ]iotatoes of the sanu’ kind, 
frathi'red durinsi' the same haiA'i'st. 

'rill* |iotatoes must he earefnily elejined and then diied. 
'The latter o]iei’ation is best aeeomplished by ndthiny them 
with a cloth. Ilr\in,t’' the potatoes h\ spi'i'adin,;^' them 
out in a warm place, for instance, on the boilin' or the 
distillin,i>' a]ip;iratns, is liable to eansi' an erior in the 
determination of the starch content. 'I’he potatoes may 
he weif;hed while moist, hut in this ease 2 per eeid must 
he deducted from the resnltinj;' starch pei'eentaye. 

2. d’he water used in the weir^hin”' must he imre and 

at the temperature of the loom, about h. 

d’lie lower basket must he dipped into the water hi*- 
fore weifi'hins thi* jiotatoi-s, and after the weiahine must 
dip into till' water to thi' same de|i(h as hid’ore. f'lirther- 
niore, in wei,i!rhin<>', none of the (lotatoes should inojeet 
above the surface of the li(|uid. 

4. This method is not ri'liahle for wet-rotted, diseased. 
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FOR THE OETEUMINATION OF THE STARCH <'ONTENT OP POTATOES 
BY MEANS OF THE SP^XTFI(’ GRAVITY (ACCORDING TO BEIIRKND, 
MAEKCKER AN)> MORUKN.) 
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III fclio i)ra<,‘ti<'o of .starch iiuimifactiin.! Mk* Ii^j:arc8 abovR roprcHcutiiiK 
' the content of sttircK should he rcMlnced by P ^ iier cent. 

iinriix*, Hliniiikcii, stidtii^ly-gfi'iiiiiiiitc*!. I'r otlic'i'wisf alt- 
nonnal potatoes. 'I’lie detenniiKHl sp(H“ilic giavitic's ar(' 
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too low in tlieso cases. Frosted potatoes, oven it’ tliawed 
out, give results 1 ]*er (‘(‘ut too liigli with tlie licimami 
apparatus, according to Saare. Allowance must conse- 
(punitly he made for such ei'rors in the final residts. 

o. 'riie exact test weight of T) grammes may he made 
nj) by using sli<-es or fragments of a i)otato; hut the 
su))mei'ging of floating potatoes by placing heavier om‘s 
upon them is not allowabh*, as such floating tubers con¬ 
tain cavities oi’ spaces whicli render tlu'm buoyant, and 
they should, consecinently, ))e cut up into smaller pi(‘ces. 

It i.> advantageous to determine fre(|uently the spc'cific 
gravity of jiotatoes used in the distilhuy. Slight errois 
in testing are often countt'rbalanced in this manner, and 
average results wliich give r(!liahle values r('gardiTig the 
starch content of the material to be woi’ked, are thus 
obtained. W'lum used in accordance with the i nles statcnl, 
the Iteimann ap])aiatns will be found to be of the greatest 
value in every-day j)iactice in the distilling plant. 

In order to <leterniine tlu‘ starch content of ))otatoes in- 
<lirectly by means of a satmated, common salt solution, 
the following method may be emiiloyed, according to 
Krocker: Fill a vessel with jmie wat(‘r, and adtl thirty- 
five or foT’ty carefully-ch^aned jiotatoes to tin* watei-. Pre- 
jiare a salt solution, using 1 jiart of common salt to .'1 
jiarts of watf'r, and tilt('j' it. Pf)ur this into tlu' vessel 
containing the water ;ind jiotatoes, and contimu' to add 
the solution until the jiotatoi's, originally on the bottom of 
the vessel, remain susjiemled in any desired jioi'tion of 
the fluid, '^riie sjM'cific gravity of the mixture of water 
and salt solution is now determiiHal by means of a hy¬ 
drometer, and the corresjionding content of dry substance 
and starch in the jiotatoes will be found from the table 
giveTi herewith. This nudhod is inaccurate, and it is 
not advisable to einjiloy it excejit in an emergency, 'fhe 
results are ajijiroximate enough to answer in such cases. 
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TABLE FOR THE 8AL.T TEST ACCORDINH TO KROCKEtt. 


Saccharometer 

Degrees 

Specific Gravity 

CoDtent of 
Starch 

Content of Dry 

1 Substance j 


hi 

01 

^ .A 

S c) 

g g 

CB ^ 

0} 

CO 

1 i 

Specific Gravity ^ 

i 

Content of 
Starch 

1 Content of Dry 
j Substance 

Per cent. 

l*er cent 

Per l eut 

Per cent. 

ir.f> 

I .070 

U . 5 

17.1 


25.0 

1 . 100 

10 1 

o 

ir .-) 

1 .072 

1 1.0 

17.7 


25.5 

1 . los 

10.0 

25.7 

IS.O 

1 .071 

12.5 

IS 5 


20.0 

i.no 

20.5 

20 1 

IS..') 

1 .077 

15 1 

is.O 

: 20 5 

1.115 

20.0 

20 7 

1!) 0 

1 .070 

15.7 

10.5 

! 27 0 

1 . 15 

21.1 

27 2 

11) o 

1 .osi 

14.1 

10.0 

1 27.5 

1 US 

22.0 

27. S 

20 0 

1.0S5 

14.5 

20 5 

! 2S 0 

1.120 


2S 5 

20.5 

1.0H5 

14 .0 

20.7 

2S.5 

1 . 22 

22 0 

2S 7 

21 0 

1 .OSH 

15 . 0 

21 4 

20 0 

1 .125 


20.5 

21 5 

1 .1)00 

10.0 

21 S 

20.5 

1.127 

21.0 

20. S 

22 0 

i .002 

10.1 


i 50 0 

1 . 20 

24.1 

50.2 

22 5 

1 004 

10 0 

-j7 ^ 

' 51.0 

1.151 

25.5 

51.5 

25.0 

1 007 

17.5 

25 5 

' 52.0 

1 .150 

20.5 

52.5 

25. 

1.000 

17.0 

25.7 

1 55.0 

1 .1 14 

27.0 

55.4 

21 i 

1 lol 

IS.4 

24.2 

t 51.0 

1 . 140 

2S.7 

54.5 

24,5 

1 .105 

IS.S 

21.0 

1 55.0 

1 . 150 

2S.0 

51.7 


'I’o doteniiiiK* tlie starcli content witli greater accuracy, a 
mnnbcr of i)otato(‘s, say twiuity, should he tested sepa- 
rati'ly or two at a time by the al)ov(‘ metliod, and from 
lh(‘ determined sjiccitic gravities the mean specific; gravity 
can lie derived w'ith a fair degree; of accuracy. 

4 ,—Determination of the Dry Substance of Potatoes. 

To ascertain tin; percentage of dry substance in jio- 
tatoes, weigh a few of tin; tubers wliicli liavc* been care¬ 
fully dried in air; cut lliem uj) into thin strides, and 
.sicread the lalter out upon a plate, d’he strips are then 
carefully dried at 212° F. in a currenl of liydrogen until 
the weight remains constant. On subseciuent w'oigliiug the 
difference between the first and last weights will give the 
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loss in inoistiu'o, fioin wliioli tlio pcrc^entago of dry suh- 
sfanco can he determined. 

5.— Dry Potatoes. 

In order to provide a wider ntilizatioti of the potato, it 
lias recentl>' liecai convert(>d on a large scale into a dry 
snbstancc, hy nieclianical means, and it tiuis jirovides a 
dnrahle maleiial for vaiions purposes, sncli as fodder for 
cattle and raw material in certain industrii's, esjiecially 
as a suhstifnte for corn in t’cast manufactni'fv d’lie dry 
)>otato is (excellentl.N' adapted lor tlu' pur])oses of yeast 
manutactnix' hy reason of the high perc(mtage of nitrngem 
(according to llayduck) that it contains. It is even 
snpei'ioi' to corn in this i(‘gard. In fact, the exjiei inumis 
wliii'h Inu'c heen made in practice*, following Lange's 
ree'ommendation.s, hax’e proven this to he (Ik* case, 'riu* 
yield of yeast was t rom 'J to per cent higher than in 
the* operation with corn, and furthermore*, the* epiality of 
the yeast with legat'd to color and germinating power 
was far hett(*r than (hat of corn Ncast. 'flu* alcohol yi(*hl 
is ahold the* same* with hoth x'easts, hut the* epiality of the 
r(*snlting sjiiril is jirohahly superior wlu'ii jiotato yeast is 
(‘mployed. 

d'lie sanpiles tested hy the* Institution of ('orn Distillers 
and Conpiresscd Y(*ast Manufacturers, in (iermany, gave* 
the following r(*sults: 

Kill PARTS OP DRY POTATOES. 


I‘fi in SiitiifiU' Niimlfcr 
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Fat. 

(I.IT 

0 i.s 

0. n 

0.71 

((.OS 

0. 

Non-nitrogeiious extractive 8ul>- 
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II.—BARI.EY. 


The coiuiiosilioii ol hailey is as follows: 



F^. V. Wolff. nictrk'h and Koii 

a 


Minniiiini. 

IVlaAiaium. 

Average. 

Moisfiirp . 

. Ill; 7.2;i 

20.SS 

i;;.77 

NilJO^( 2 nous subslant 0 .. 10.0 0.20 

17.10 

11.14 

Kat . 

. 2 5 t 02 

-1 S7 

2.10 

Xon-nii ror’pjuuis < 

\( ract- 



ivo siibs!auc<*s. 

. 02.It 4'bn 

72 20 

04.92 

Woody libers 

7 1 i.‘m; 

14.10 

5.21 

Ash . 

2 2 0.00 

i. ,S2 

2 (;y 


Xinety or ho -per cent t)f the non-nilro,i>’otious ('xtrnclive 
siilist;inc(-s of haih'x is slaicli, so that tin* siareli contclil 
ol llio niain nia> he (•onsi<l(‘r{-<l to eonstitnii’ (iO to (12 per 
cenf ol the \vliol(>. Small or eonnnon harle>', howex’er, 
hoes not eonlain moix' than ~)7 to .’jcS p(‘r e(‘nt of starch, 
'file weii>lil ol hailey per hnshel is, low 4() poniuls, 
aeeia.ne .’>2, and hi,nh .Ih. 

Torre is a ninnlu'r ol 'caiieties of harley; of these the 
eooinioiiesL ai e : 

IIiikIihiu disl'iciniiii, a larj'X’ h.arley enitix'ated as a 
^pi ill.”-i;rain. 11 contains a hie|i pereenla.^e of starch and 
litih' y Inlen. 

l!/)i(l<'uui the small or eonnnon harley. A 

winter varietx of this haile> is known as pearl hai’ley. It 
is rich in niti oyenons oiyanie eomhinations, and is snit- 
ahlt' foi- the ])repara(ion of hread sinffs and for similar 
purposes, hnt luH-anse of its hiyli ylnten content is hai'dly 
to he ix'eoinnumded for distilliny |inr])oses. 

Iloidciiiu he t <d irinini , or stoc-k harley. e-(>iH‘rall> yrown 
as a spriny grain, though to-day a variidy called maiu- 
nioth h.arhyv is sown in the fall. Stock harley is seldom 
used for distilling purposes. 

Iloidcinii tiifiiiTdtinii, known as .sipiare harley and 
naked or s])oon harley. This grain is not hoarded, and as 
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it roadily bc('onu“« too soft in stooping, it is not aclaptod 
for malting. 

Ilordcuiii (li.sticliin/i and Hordcitiii rulfjorc aro mainly 
used for malt to sacoharizo raw materials. 


Ill_RYE. 

Tlio average oom])ositit)n of rye ('jS'cca/o rcn'dlc) is as 
follows: 


Moisture ... 

Raw protein. 

Fat . 

Nuii'iiitroi^enous extractive substances 

Woody fibers. 

Mineral substances. 


14.3 
11.0 
2 0 
07 1 

3.5 

1.5 


.\ooording to llio analyses of Delbriu'k, the e()m|)ositions 
of different varieties of rye are as follows: 


Water. Starch. Protein. Ash. 


R.ve 

from middle .MerKlenhiiiK. . 

. . l.'3.2 

tn.i 

7.3 

1..S2 

R.ve 

from northern Mecklenburg 

. . 15.5 

G2.1 

7.7 

1 N.“> 

Rye 

from .southern lliis.si.T. . . . 

11.1 

51) t) 

13.0 

1.35 

Rye 

from Canada . 

. . 14 f 

(11 .0 

S.5 

1 77 

The 

starch content of lAe 

vaiics 

betweim 

T)!) 

and 62.1 


per cent, thoiigb infrecpnmtly the peieentag(‘ is somewhat 
higher. Kye eontains about O.’.lo per cent of sugar and 
4.86 ])er eent of gum and dextrin, d’he starch is similar 
to that of barley and wheat, Init it cannot be isohit(“d 
inire without great difficulty. 'fhe albuminous sub¬ 
stances, a<‘cording to Kitthausen, comi)rise gluten-casein, 
albumen, and mucedin. 'PIk' same investigator (hution- 
strated that if ry<‘ flour b(‘ mi\<'d with a large (piantity 
of water contaiidug per ccuit of ))otassium Indroxide 
at ordinary temi)erature, considerable butyric acid is ra])- 
idly foritied. l»ye which is rich in albumen is ])articularly 
well ada])ted for the ])U7 poses of comi)ress('d yeast manu¬ 
facture. To render the albumen digestible for the yeast, 
the lye is sliglitly malted foi- two or three days, or is 
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s((>e]) 0 (], in a coarsely ground condition, for a considerable 
l)cri<al in watci- containing dilute aci<l (about 1.4 ounces of 
sulplmi'ic acid to 166 jiounds of water) and at a low teni- 
|ieratnie. 'J’lirongh tliis steeping tbe rye Iok(‘s its slinix’ 
character, and luuice the subsc(|ucnt I'cinuuding process 
is a sniootluM' one. d'liis slimy cliaractfU’, according to 
Kittliaus(‘n, can be ascribed to tlu' ]ire.scnc(* (d a \'ai'i(“ty 
ot gum liax'ing the chemical composition (',,II,„(),. d’be 
small-grained albuminous ry<‘ is better suited Tor malting 
purposes in potato distillation than tbe large, h(‘avy com¬ 
mon 1 yc, as tli(‘ foriiKU’ gi\-cs a moi'c riclds- diastatic. malt. 

IV.—CORN OR nAIZK. 

('orn is largely used as a law matmial in yeast and 
spirit manuracture, and according to Itietricb and Kiinig, 
<'ontains : 



Miniinuin 

A\ ('rui2:o. 

IMaxiinuni 

Moisliiii' . 

.... 7.1(1 

1;!.I2 

22 10 

Niti ot;(Mi<)UK foibst nnco.s. 

. r-.ui 

0.87) 

i:i 00 

It . 

i.(ji 

4.1)2 

S 

Not. nil i'<),t;ojioiKs f‘\trn.fl ivo 

suh- 

stunt os . 

. 

CS 41 

74.02 

W'ootlv filiprs. 

. (t.Ti; 

2 40 

S .'2 

Ash. 

. O.dl 

i.r»i 

2 02 


I’be non nitrogenous e.xtractive substances of corn con¬ 
stitute about 6S iHM- cent of tlie total mass and ai-e nearly 
nine-tenths starch or other carbohydrates, so that the 
a\crag(‘ lu'oportion of stardi in cotu with a normal water 
content of 1.'! per c(‘nt is a|)]>ro\imatel.\' 61 to 62 ]hu' ccuit. 
Often, liowi;\’ci-, <>orn coidains a much higher |>erccntage 
of water, and correspondingly, a smaller ))roportion of 
starch. Not infr<s|ijently corn contains as much as 26 
])er cent of wat('r. d’lie iierccmtagc of water in green 
corn is usually v(>ry high, often forming as much as ono- 
(piarter of the total rveight. According to tlu' atmos])lieric 
<‘onditions ohtaining and the methods of storage, coin sel- 
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doiti reaclu's its normal wator (‘oiitent before six moutlis 
or more have ('lapsed. 

A mieroseopie examination generally shows the staix'h 
granules of eorn to he simpl(' aTid poiyhedial or round in 
form. 'J’lu' first form alone appears in the external horny 
part of the grain, hut hoth oeeur in the interior, 'fhe 
se])arat(' grauuh's possess eons'nh'ra'oie density, are closely 
aggregated, and are eunsiderahiv smaller tlian those of 
t)arley, and it is for these r(>asons ihat tin* gelatinization 
of the starch of eorn is diftieult to effect. 'The coin fat 
is ('eddish in <‘olor and freipiently ma\' be obsc'rved on the 
surface of mashes, where it can be diffused ))y boiling. 
'I'he content of sugar and dextiin in eorn is as high as 
11.5 per cent and 4.S per (‘cut respectively. 'I’he lU'otein 
substances in eorn \ary in eomi>osition, and usually pos- 
s«>ss different pro])erties and eharaeteristies from those 
found in otlier grain, d’he principal suhstanees of these' 
proteins of eorn are* eorn fibrin and eonglutin. 

During transportation eorn is often damaged h\' under¬ 
going excessive heating, and grain so atfeeted is usually 
V('ry dry. In manufaetiiring processes wlu're the (piality 
of the spirit is of si'eondar>' importance, such ('orn can 
be used to advantage from an economical standpoint. 
Some' exjx'i'ts maintain that European eorn from the reg¬ 
ions of the Danube is more easily worked than the .\m(‘r- 
iean grain, and that the foriiK'i' gives thiniu'r, swcc'ter 
maslies containing less s])ent malt and lernH'nting mori' 
easily. In practice it has Ixx'n found, howe\’er, that tin' 
((uestion of tlu' locality in which th<' eorn is grown is of 
less importance than tin' (puility of the grain. 

I’lie determination of the starch eont('nl of eorn cannot 
be aeeomiilishod by means of its speeitie gravity- as in 
the ease of ))otaloes, but re(|uires a diflieult chemical 
analysis, which can be ])erformed only by an ex]M'rt 
ebemisl. 4'he readt'r is recommended to consult 
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soiiu' f>;'oo<l iUEil^'ticaJ ijidnstrial clieiiiisti'y for tlic nietliod 
ol' corn stai'cli dctcnniiiation. 

V. -OATS. 

Oats, Arctu! sdlira, aic largely u.schI in (he distillation 
indiisliics I'oi’ tin* iirciiai ation ot malt, and I iirtlici more, 
in the m.iiuil'uctiirc ul >h ast, as a sulistilutc lor harlcy. Oat 
slaich, wiru'li constilutcs -ri to -l(i per cent of (lie wliok-, 
is malci'ially dif'l'cienl I rom dial ot otlic;- varicli( s of 
giain, tlic cells ol the endosperm ol <iats <‘ontaining' truly 
eomponnd g i an iih s, and other gi a miles eom| losed ot la rge 
niunhets ol aggregated partial grannies, both lieing oi' 
polylu‘dral form. It lias on an averagi' the following 
composition, a<-eording to Dii ti ieh and Kiinig: 


Welrr . 

Alhiinit'ii . . JO 41 

Kat . . . . . . . 

Noii-nuio^onoiis e\l rad jvt* Mibstaiuos. . . 57.7S 

. 11.10 

. 3.02 


VI.-~WHKAT. 

It is well eslahlislied that wheat yields a malt which is 
easily as i ieh in diastase as that I rom harlcy. It is, how¬ 
ever, seldom used heeanse ot its high cost. I>esid(“s non- 
nitrogenoiis e.\lI'aeli\'e snhstanees sugar, gam, and divx- 
tiin—wheat contains oO to 70 pel’ cent of starch, 7 to 
per cent of alhmninoas snhstanees, and 1 to 4 per cent 
of fat. .Recording to Kittliansen, the nitrogenous sul)- 
stanees of wheat, include alhmnen, glnten-hhi in, gliadin, 
and mueeilin, tlie last three t'oiniing the gluten which, 
wIk'tl wheat Hour is kneaded under water, still remains 
alter all the starch granules and other snhstanees soinhh* 
in water have* heen removed. 

iVceording to Dietrich and Kiinig, the eomiiosition of 
wlieat is as follows: 
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Water . ];i.65 

Aniuinon . 12.;!6 

Fat . 1.75 

NonAiiU’OironoiiH (‘xtraelive mibstatices. (;7.41 

Fibers ..•. 2.5S 

Asli . 1.81 


VII.-RICK. 

Tn oonnli'ios wlioro rice is iiioNponsivt*, it proviiics :i 
valiiahic ui;itci ial fur llie mimiilactuie of siiiiit. An ai'o- 
iiiatic hc\’er;is>e called tirrac is distilled from it, the .artiia 
heiii” disinle^i'iited witlioiil tlic list* of high pi'csstire. 
W'hcii, howceer, the disititcgrtilioa is caiiietl out hy 
steaming under high iircssure, the resulting spirit is iiii- 
fortunatt'l.v rich in fusel oil. K’ice pi'ovid<‘s the law 
nuitcrial for the rice rviiU' of China :iud the .sy//.c of .Ia|i;iiJ. 
d’he stai’ch of i-icts which constitutes jis hi.gh as 7S per 
cent of tiu- whole, somewhat resembles that of oats, the 
s(‘parat(“ granules hein.g both simple tiud comiiound. Wdum 
compound the gianules consist of from '2 to lt)() ])aitial 
griimilcs, geiiertdly of polyhedr;il foini. 'I'Ik' composition 
of husked rice according to Dietrich and Kdnig is tis 
follows: 


Water . 11.0 

Albiunen . 7.7 

Fat . 0 1 

Non-nitroKPooiis oxtraetivc sobstaiicf.s. 75 1 

Fibers . 2 2 

Ash . 0..3 


VIII. OTHER RAW MATERIALS USED IN SPIRIT 
riANUFACTURE, 

Among these are dliurra, or sorghum millet, cassava, 
chicory, figs, locust hetius, horse chestnuts, and more 
largel.v, buckwheat. The composition of tlie hist named is: 
Water, 12.(id per cent; albumen, 10.19; fat, 1.28; non- 
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iiili()j<(‘ii<)ns o.\ti'!H‘tivo siilistiuicos, Tli.l.'); fihci's, 1 .T)! ; and 
ash, 

SACCHARIFF.ROUS RAW MATKRIAI.S. 

A ■ - Sugar Beets. 

'I'lio h(T't l)ol(nif>s lo the I'ainily Choiojioilnitn and R’omis 
Uctu, 1ii(“ vai'ictics ficnnrally <‘id( ivatcd hoiii”' lli‘t<( nil- 
lions, llic led hcci, and Ihhi ciclo, llic while heel. 'I'Ik! 
heel juice enidains eiystaili/.ahie .siiyar and, in s<iluli()n, 
all)uniin()its stdislanei'.--', niineial siilislanees, ;is|)ai'ai>'iM, 
;>'liilaniii, Ik lain, 1 ^ 11111 , );d, and eoliniii” siihslaiu'cs. 'I'lie 
i|naidil\' nl' tliese <’iiiislitueiils eai'ies with liie kind ol' tli<‘ 
heel and the niannei ol' ils en It i \ al ion. l''or dilTereiit 
leasons heels whieh eannol he a<l\'anlae('onsly niaiinrae- 
lined into siiyae ina\' he niili/ed with [irolil Tof tie.' |iro- 
dnetion of alcohol, as the \ i-'ld of the latter depends on 
ihe pi'reentaye of siiyar alone, anil is not inllneneed hy 
Ihe other eonslilnenls of ihe plant. 

'The snti'ar eonleiil ot Ihe heet is. on the aveiaji'e, I.") per 
eenl, and not infreipientI\ more. In fermentalion, ae- 
eoidiie..; lo Lininer. one dozen ax'eraiie heels, eontainin,i> 
la jier einit of sni’ar, should prodne. ahoni '2 ij;allons of 
(aiie aleohol. 'I’he mass of the heel eonsisls of eellnlar 
tissue in whieh Ihe jniee is seeiehd in Ihe loi'iil of a 
colorless liipiid. 'I’he e(>llnlose walls of Ihe cells an* to a 
certain e.xlent coaled with an i ntei eel I nia r snhstanee, cone 
iirisiiii;'ehietl.N- i>eetin snhslanees and tannin. 'I’lie (lith or 
fillers torni ahout I per cent of flu" weieht of lh(> heet. 
'rile total ipiantlty of lh(> snhstanees luhil in solution in 
Ihe heet jniee x’aries eonsiderahly, heiii”' i>T‘iu>raIly from 
111 to IS per cent. 

For distilling' ))iir)ioses tin* sai'cliaroineter is usually cif 
sufficient aeeiiraey for didenninin,”' the snsjar content of 
the heet juice, the o'eninal assumption heins>- that the 
susar comprises four-fifths of the dry suhstauce indicated 
by the saccluirometer. 
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B.—Molasses. 

INFolassos is tlic thick laowji or yellowish brown syruii 
having' a slightly disagreeable odor and taste, which re¬ 
mains hchijid as residue I'rom the crystallizing processcvs 
in sugar mamiracturi'. It contains from 4.") to oil per 
cent ol’ sugar, which cannot he- recovered in crystalline 
form by ordinary mc‘ans because of the presence of com¬ 
binations inimical lo crystallization. Molasses from sugar 
manufacloi'i(‘s wIkuc gr(‘at caie is (>.\ercis(>d in ciystalliz- 
ation fh(‘ alter products, coidains less sugar, llccausc of 
the high percentage of sugai' wlii<'h it contains, molass(*s 
is well adapt(‘d for spirit manui'a<'tui'(*. 4’h(> sugar is in 
the form of cane sugar, and must b(“ in\'ert<‘d by fermt'u- 
tation. 4’he (‘ontent of vvatci' varies Ix'twecn Id and ‘J.j 
j)e)' cent. 

Ilesidcs sugar, molasses contains a numix'r of nitro¬ 
genous combinations, including as]iaragin, gintanin, b('- 
t;dn, ulminic and huminic su))stanccs. 11 (-oTitains no al¬ 
buminoids, though tdtrogenous and acid-lil«* combinalions, 
which foi'in organic salts with polassium and sodium, ar(* 
pi’csent. 

d'lie <‘ojitent of sugar in molass(>s may be approvimalely 
determined by the sju'cliarometer, as in IIk' case of beet 
juice. ^Vs molasses contains a numbci' of o|)tically active 
bodies, the results obtained by jiolarization are inaccurate. 
The otliei’ optically acti\'(' Ixidies, of course, come into con- 
sidoiation in ])olarization, gi\ing results too high or too 
low, as the bodi(*s are eitlun' de\trf)-rotary or la‘vo-rotary. 
In th(! reduction of l‘’ehling's solution, tlu- piesence of 
other non-feruKmtable organic substiinces, which also re¬ 
duce the copper solution tiftcr ti’eatment with hydrochloric 
iicid, make the results obtaine<l in this reduction too high 
throughout. 

SouH-times molasses is rendered inipun‘ by the ])Tesenc(^ 
of bacteiial sjiores, salt])et(!r, tind volatile fatty acids, so 
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tlial it ctiimof yrr(>('1iv(‘ly lie foniicnted liy iiu'ans of yi’asf. 
With i>() 0 (l inolaw.scs and |)I’ 0 |kt tvcatiiR'iit it is possible (o 
obtain to .yailons of pure alcoliol fi'oni t(ll) i)onn<ls 
of molasses. Molasses spiiit eontains by-prodnets wbicb 
aie not found in potato aleobol. d’li<‘ sepai'ation of tlies<> 
is nioi<‘ dillienlt and necessitates j'fealc'r e.\pens(' than a 
similar opeiation with potato spirit, so that the price of 
raw molasses s](iril is alwa>s sonu'wliat lower tban that 
of [)otato alcohol. 

C.-Various Other Sacchariferous Raw Materials. 

1. ,! citisalcin (irficliokc (II <'l imi/li us lu/u’i ,isus). — The 
tubers ol this plant contain dire<dly fermentable levidose 
comprising’, on an aver.’iye, aboni 14 ]ier <’enl of the whole, 
and about 4 per I’cnt of iimlin, a \arie(\ of starc'h 
whieh ean be eonverted into siii>'ai’ b\' steaminif with oi- 
without acid. 

2. Sol (/Iniiii sdri liiiI ahnii ( !!oh us siucIki ndus) contains, 
accoi linii' to the shaye of its yrowtli, lex ulose and crx'stailiz- 
able Miyar, and when com|)letely ripened crystallizable 
suy.’ir alone. 'The conlent of suyar is from b to I.") ])er 
cent. It is cultivate<l and yrown with yri'al ease, and 
when m.’durc'd undei’ lavor.able <’i I'cumstances attains 
heiybts ol lioni 1(1 to 14 fe(4. Its use I'or jmrjioses of 
distillation has been Irepm’ntle adxdcated. 

Clucoii/ (('i/lioii lull iiifiihiis) conb’iins up to lit jau’ 
cent (d c.’irbohx’di’.’des, which c;in e.’isily he converted into 
fermentahle suyar, iiccordins.!,’ to Dommerich. 

4. 'rii(‘ fiif/inilir<-iiii(it (l)iiiiriis) has lieim l■(‘comm(“nded 
tor ))urpos(>s ol distillation, as it is very easily |)rodu<’ed 
and eontains as hiyh as 10 per (>enl of suyar and starch. 

5. (Iri'uii corn Snccessfid attempts have been 

made to jn’oduce aleobol from tliis usually waste material, 
and its cmjiloyment for tliis purpose would ai)))ear 
|)romisiug. 
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(i. Fnii/s (iii/l IxTiic.-: wliicli (‘oiitaiii siigai' yiold alcoholic 
(li^itillatcs ^■ciictall.N' (lislinniiished hy agiccahlc taste and 
aioma. d’licy arc' nsiiall\' cinploNcd I'or the piciduction of 
alcoholic hc‘\'cr'a,<>'cs, and their use can only he rcninncra- 
ti\(‘ where the o|K ralion iicnnits of a ternicidati\’e period 
of loni>er dnration and if the materials nsc'd arc' jnirc' in 
snc'ar. ddic' anal>sc's of hh c'sc ni ns yive the' followin';,' pc'r 
eenta.n'c's of sn,i;ar lor c'c'itain of the fruits: 

1/t‘r ( eii (. 

I^Iimis ... . . L* 1 

rjipt'ii .lAutiPs . . I 

Rfspbornths . . . 1.i> 

ihiclUehoiTK-'s . Ti s 

CiuTLinls ... . <; 1 

Dimisons . ... .r, j 

Goosoix'i i if.s .... . .... 71 

l^f'ars. . . ... 71 

Aop’c.'t . . . si 

Sour ('lioi'ri(-*s. . . S S 


SWf'Pt CIKMIK's . . . |f»S 

Giapea . l.j.O 





PART V. 

THE PREPARATION OE THE HALT. 

I.—The Purpose of the Halt In Distillation. 

I X iai iiiiiccoiis law iimti'i ials, it is nccossaiy to 

iis(' mall in oi'dcr to (lissoK'c the nc'latinizcd stari'li 
as well as to conx'crl it iiit<! sii,"ai. Staicli is itself 
insolidile in water; the diaslas(\ liie en/.t me of mall, first 
elianji'es it iido solnl)le stareli, llien into \arions dextiins, 
and linallx' into a v.ai'iety of snuar. maltose, wliieli, aftei- 
disinle,t;'i alion into dextrose oi' o'l'ape sn.n'ar thronj;ii tlu' 
ai;'ene\ of the nialtase of the \e;isl, is fermeidahle. d'lic' 
imrpose of malt |)i'e|iarafion is to pi'odnee lli(> sng’ar- 
l'oimin,i>' enz\ me in ihe malted "rain, as wadi as other 
enzymes ea|ia)ile (d' eon\<>iliii”' Ihe insoluhh' niti'oo’enons 
eon hin.ations of thi' raw m.alei'ials into solnlile one.s. 

In nail iireparation if is m'cessaiy. (n) to |n'oduee a 
malt liidi in en/,\ nies, p.-irtienlarly di;istas(>, in oi'der to 
el'fect the decomposition (d’ st.aixdi and aihumen with as 
little malt :is possihle, that is, as (dieaply as possihhy and 
{/>) to ohi.ain a malt ;is I'l'ee as )lossihie I'rom mici’ooiyan- 
isms, parfienhaidy those of injnrions n.atnre with riy.aixl to 
I'eiineid.-llion, 

In oi'der to produce an (dfectix e mall, the followin,n' con¬ 
siderations are of the fi'reatest impoi'lance: 

T. (lood malting' grain; nsnalls the grain is liarley and 
md infreipamlly o.als and rym 

1*. Water sniti'd foi’ this purpose. 

.■). Proper ste(>|)ing' apparatus for soaking’ the malt 
grai n. 

4. An elficient and w’(dl-conslrn<dcd malt honse. 
a. Pi'o|ier treatment of tlie malt upon the malting’ floor. 

6 !) 
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2.—naterlals Suitable for Halt Preparation. 

Tlio raw inairrial ,i>t'iK‘ially c‘Hiiiloy(.'(l for malt prepara¬ 
tion is barley, I'ollowed in tlu* ordei' nanu'd, by rye, oats, 
and wheal. Wheat is used ebielly in llelgiun distilleri(‘s, 
while oats are olten employed lor the imi'iiose in llnngJiry. 
rmler certain (‘iienmstanee. i>e and oats are well ada|ited 
i'or ])iirposes of malting, tliongh all other giains are not 
suited for malt iirei)aration. 

drain which is lo he \ised as malt should hi' chosen with 
the following eliaiaetei isties iji \’iew: 

1. It must 7iot he fjesh oi- still nattnally moist: such 
giain cannot he utilized foi’ ])Ui'))os('s cd' malting ;is it is 
ineomphdely eapahh' <d‘ germination, and cannot he suf- 
fieientl.v soaked in the slwping vat. 'I'lms, the us(‘ of greem 
grain should he ar'oidt'd whenevan' ])o.ssihl('. 

2. ddie best malt is nol ])re|)ar('(l from full graiiu'd 
barley, rich in starch, (*ven tlioiigli this he best suited foi- 
brewing pur])Oses; it is obtained from a llatl<'i- and lighter 
small-grained barley. Winter barley yields an excellent 
<listilling mall. Iteeause. how(‘\’er, this grain is ]ioor in 
nitrogen, wintei' haile>' malt is not ;is rich in diastase as 
that prepared from summer liarlev: to obtain an e(|ual 
diastatic effect gi'eater quantities of wintei- harle\- must 
he used—about 2n to 27) poumls of liarh’v for each 100 gal¬ 
lons of masliing capacity. 

Tliat small-grained barley yields hotter distilling mall 
can he ascribed largely to tli(‘ fact tliat the smalh'r grains 
are richer in ])rotein. A proteinons haj'ley giv(>s a sliong- 
ly diastatic malt, as diasta.se belongs to the albuminoids 
and can onh' lie produced from th(' albuminous suhstam-es 
of the harley grains. Kven thou.gh it apjiear that all the 
albuminous substances of the harley grain are not avail¬ 
able for diastase formation, nevertheless, those harh'ys 
which are richest in protein yield the best malts, ddie solu¬ 
ble albuminoids particularly appear to be directly con- 
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i'orned with tlio (liiistnlie efficacy of tlio malt, as ttio fol- 
lowiiiK' tif^uves show. 'I'lu'so ai'o the results of an investi¬ 
gation made by Hayduek for tin; Assoeiation of Spirit 
Mamifaeturers of (lermany ; 

SoliiMo Nitrogen. Tottil Nitrogen. 

First Test. Dest Malt. 0.80 2.IIS 

Secorul Test. Medium Malt. 0 08 2 00 

Third Test. Foor Mnll. O.Gl 1.07 

Fourth 1'esl. I’uorest Malt. 0.01 2.00 

Tp to tlie iireseiit time it lias not lieon ipiitc clear niion 
what conditions llu‘ enrichment in diastase thrmii;ii malt- 
inj>' (k'lKMids, for Ijininer's ri'seaiclies merely established 
the fact that the nitroycn content of the barle\’ does not 
determin(‘ the lormafion of the diastase, llaydnek’s in- 
\'esti,nations, as set i'ortli above, would appc'ar to flirow 
soiiK' liejit on tlK‘ siibjin't. 

An imporlant rei|uirement for e\'ery vai iety of barley 
for nialtina purposes is the faculty of complete and regu¬ 
lar ,germination. drains incapable of gm inination are not 
only useless ballast, but are dirc'cth' barmfni as well to tin; 
fermentalion as carriers of micro-organisms of destructive 
efficacy, for such grains are insoluble during the siibse- 
iiucnt masliing jirocess. Directly afti'r liarx'esting every 
barley is tenpioraril>- incapable of coni|>lel(‘ germination; 
it does not attain its full gin'ininalive iiower until it has 
bemi stored in the bin for about two months. Ifcu-e it 
nndergoes an after-ripiming, for immediately afti’r the 
harvest only one-half of the grains ol’ liarh'v are germina- 
ti\e. 'rh<> gmiuinating jiower gradually increases, the 
barli'y liecoming heated thereby, and aftci' it has been 
stored for some three mouths it attains its maximum ger- 
minative efficacy. When barley is housed or stoi’cd under 
improper conditions, the grain undergoes chemical changes 
which reduce the genninativc power considerably, the 
nitrogenous combinations as well as the carbohydrates 
being affected. At least double the iiuautity commonly 
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employed must lie iisi’d wlieii siieli Ls Die case, and tlic- 
j^raiii wlioidd al\va\s, wiieii so al'I'eeled, lie malted as soon 
as possilile. (iood barley should iiossess a geiininative 
power oi' at least !!(> to ilS per cent, and medium barley id 
to !>.■>; that ol‘ poor liarley is less than So. It is (jnit(‘ 
true that jioorei- (pialities of barley aie often of neees- 
sity utilized in the distillery, but assuredly not to the 
ad\'antage of tlie distilling o]leiations, for it is usually 
impossible to niak(‘ weakly germinati\'e grains sprout 
pi'Opeiiy. lienee, it is generally ad\’isabl(> to sell barley of 
this kind, evmi if at a loss, ami to pureliase good, germina- 
tive gmiii inst<‘a<l. I’;^'en the bigber lust eosi is usually 
olTset by the saving in malt and by the greater aleoliol 
yield. 

4. Barley with a thin skin or husk should Ix' gi\'en the 
jireferenee. ^\’hil(» the interior of the barley grain may be 
mealy, .glassy, or lardaeeous, grain jiossessing the first 
mentioned eharaeteristie should be preferred. 

d. l>arle\' with brown smut, infected with baeteiia. 
and )>oss(*ssin,g a <listin<-t odor should not Ix' usexi for 
maltin.g purposes. However, if the .germinative powei is 
still .good, th(‘ developmeld of the fungi and baeteii;i can 
often Ix' suppr(>ssed dining steeping by th(> us(> of <li.sin- 
ieetants, such as milk of linx' or sour sulphate of lime, 
so that it is sometimes adx isable to attempt the pi'odne- 
tioii of malt fi'om the grain. Aeixniling to 1 leinzelmann, 
solutions of salieN’Iie aeid in tiu' i>ro|)ortion of 1 to 10.(100 
<‘an be usixl without danger as stix'iiing wati'r for poor 
<]ualities of barley. Solutions of aei<l suliihite of ealeium 
may also be added to the sl(x‘]iing water and to that for 
eleanin,g the maltin.g floor and vats. Some authorities 
ri'eomnnmd dilute solutions of antinnoniri, dinifroor- 
thoeri'sol ]X)tassimn ('1. to .d )>er cent), or hydrofluoiie aeid 
in ililute solution for ilisinfixding puifxises. Tt is not ad¬ 
visable to use earbolie aeid, as it not only imjiarts a dis- 
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odor to tli(> .-ilcoliol Init. iiii|)aii's the gentiiiiative 
((ticacy of tli(‘ liarley as well. 

(). It is ('\( disirahle to have tlii' grains of regu¬ 

lar and uiiifonn si/e, I'or this assists in (‘ffeeting sinootli 
and even germination, 'fliis eharaeteristie is often lack 
ing in hailey assigned for mailing purposes in the dis¬ 
tillery, and in this ease Ihe steeping should not he earri<‘d 
so lar that the large giains, sl('eped with gix'alest difli- 
eull>'. are fully saturated. Should siu h, however, 1 k‘ tlu; 
ease, |h<‘ moi(' easily stiejied grains would absorh loo 
miieh w.-iter. I lenee Ihe hai le>’ is steeped until the similler 
grttins h;i\(' tihsorhed snflieient moisture, tind later on 
the malting lloor Ihe ren.tlining' grains m;iy he s()ftene<l 
properly hy sprinkling with wtiha. f’refei;ihl\', the sin<all 
grttins should he separtttt'd from the hirger ones tind etieh 
si/C(> nitilted se|i;irtilth.N. 

7. It may ht' tissnnied, in gent ial, thtit Ihe most eom- 
pk'lely devthop.etl tind, <'orrespondingl\, Ih" Ix'st Imrley 
foi malting is the heae'\" grain, rntming a-t to oli pounds 
per husliel. However, eairielies weighing from 4S to ,')l) 
pounds pt'f husliel etin he used sueee.ssfully for distilling 
purposes if properl\' treated. 

3.—Water In Halting and the Properties It Should Possess. 

Whiter is einjiloyed in mtilting for Ihe elettnsing of the 
harle.N', tlitii is, lor the meehanietil icnioval 1 roni the 
giaiiis of adheiing impurities, ptii tieulai 1\' iniero-ttrgan- 
isms iiiimieal io fmanenltilion, and their seeds. 'The im- 
piiiitits iiitiiide seeds ol wetals, dirt, ttnd dust. J'ioth 
the dust tidheiing to the htirky tind Ihtil llotiling in the 
atmosiihe'.e are (hingerous in m.’lling, as the lornier eoii- 
tiiins organie, .suhslane(‘s inelining tow'tird |iutref;ietion, 
tind tile hitter etirries Ihe germs of [ilants of low orgtini- 
zation, whieli are eapahle of acting tis fei’ments aiul ex¬ 
citing hietie fermenttition, and spores of fungi which inti.v 
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induce tlio fonnation of mold n])on tlie ^reen malt. 
A\'atci' is also utilized for steepiiii*', (liat is, to provide 
tlie dry seed I’laiiis witli so much moistui(> that they can 
hcf;in to ficrmiiiate, and, finthmiuorc, that thi'y can suc¬ 
cessfully cany ou the sproutius>' proccssi‘s. 

Water suitable for lioth tlu'sc opmatious must, pos- 
s(-ss the same propertic's. FiXccssivc care need not be 
taken in the si'h'ction of |)roi)er m;dtiu<>: water, for any 
f>ood potable watc'r is adai>l(>d for this pui'|)ose. It is 
immaterial whether the waler b<’ hard or solt. At any 
rate hai'd water docs no harm to the ,i;'i‘rminatiou 
processes. In fact, certain consideialioiis appear to in¬ 
dicate that hal'd watcu', that is, waler eontainine; lime, 
may evmi he of advanta,i>e; for durinu,' th(> stcc’pins;', liard 
water removes i'lom the i>rains l(‘ss of the organic and 
mineral siihstanccs necessary for f<'erminalion. than soft 
water. 

Water which contains a considerabh' <piantity of or¬ 
ganic impurities resulting from put redaction and dccom- 
jiosition proci'sses. is absolulcl>’ unsuiteel for malting. Such 
water can usually be readily recognized by its putrid odor, 
'idle imiuirity is generally due to drainings fi'om cess¬ 
pools and the water usually carries large masses of piitrc'- 
faidive and other bacteria which find a nutrient agar in 
the malt grains, diwelop thereby and, later, unfa\'orably 
affect the jmrity of the fermentation by their injurious 
elilicacy. Such water contains substances due to tlu' ac¬ 
tivity of these baideria, and the ^iresence of thesi’ sub¬ 
stances alone should be sufficient to cause the suitahility of 
the water for malting to be (pieslioned. ddu' substances 
include ammonia, nitrous, nitric, and chlorine combina¬ 
tions. Malting water should contain no sul))hide of hy¬ 
drogen oi- other suliihur combinations, for these are al¬ 
ways th(> results of reducing jirocesses which are ilue to 
bacteria or infusoria. 



ITS MANUKACTUUH AND USES 


Forrii' foiiihiiuitions, avIicii in consiilnralilc quiuitities, 
retard i^oniiiiiatioii. AN'atev eoiitaiiiirii? iron can, Jiow- 
e\ ('r, he used i'or inaltinii,; if tlu> content of iron is very 
iiii>'li tlie water can he iinprovial hy tlie addition of milk 
of lime or tlirouf>li aeration and tillration, whereliy in- 
solnhle ii'on oxide is separated onl. Finally, water wliicli 
contains ordinary salt, c.alcinm chloride, masj;nesiuni 
eldoride, etc., is not suited for maltiipy, as these salts re¬ 
tard germi nation. 

4.- Washing the Barley. 

l''rohi the standpoint of modern distillery pr.nrtice, it 
is ahsolutel.s necessary to wash the harley, and tliis opera¬ 
tion is cari'ied out in ev'ery wi'lhcondncted plant regard¬ 
less of the kind of harley used. 'The distillei-y is fn‘(|nently 
<le|iendeid Upon ayricullnial conditions and must hi' con¬ 
tent with m.aterials wliich under other circumstances 
would not ))(> used, d'lnis it often haiipens tliat tlie dis- 
tillei v' doi's not ohtain the very hest harli'y, as the latter 
can he sold at his>her ]irices for hrewin^' purjioses. Ft 
mnsi, therefore, make shift with poorer ipialities of f>'rain, 
and must at times (>\-en use harle>' which was rain soaked 
in the lield, which was imi)ro]H‘rl\' stored, oi' which suf- 
fei'cd injury in some other maniu'r. i?arle>' of this char¬ 
acter mnsI he treated with ]iarticnlar care, and hy no 
means must it he used for maltiny hefore undi'rfjoinft' an 
extremi'ly careful Avashin!!; process to reniov’e adhering 
inijuirifies. 'I'he success of the washins!; is more comiileto 
if, instead of dry grain, harley jirevionsly soaked for 
20 or 24 hours is used. The reason for this lies in the 
fact that the initial soaking stretches the external skin of 
the gi'ain tightly, smoothing out the wrinkles, and in the 
subsequent wa.shing the spores of fungi lodged in those 
wrinkles are removed hy the mutual friction of the 
grains. For this reason the stee])ing vats are so ar- 
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lit»,<•■(>(] fliat tlio .stfoiKM) l);u'l(>v cjm be cleansed in tliein. 
In Ibe eleansitif^ proe(>ss care must be taken Tint to in,jni(,‘ 
tbe bailey. 'File use of lime in vvasliinj>' can safely be 
I'eeonmiended. 

'File most siu'eessfnl wasliinj’' niaebines, wbieli in no 
wise injure tli<' barley and wbieli tlior()ni>lily clean the 
f’lains, are tliosi* in wbieli a wbirlini*’ metimi is yiveii to 

till' mass of barlex' and 
water by a eiirrent of eoin- 
jiri'ssed air forced Ibere 
Ibronnii so that tbe nm* 
tnal friction of tbe yrains 
tb(>ins(‘l\'(‘s (>ff(‘ets tliix 
eleansin<>' process. Aeeord- 
ini^' to I’rannt a eleansiny 
and sortini>‘ niaebine fre- 
<inently emploxi'd, is eon 
strueted as follows: .\ 
win* eylimler -often also 
a )ientai>'onal prism-re 
volx'es bori/.ontally, or 
soniewbat borizontall>' in- 
elined. about a shaft upon 
wbieli it is mouilti'd. 'Flic 
cylinder is eonstrueted of 
vxire nettiii”', witb nu-sbes 
Fi(.. 6 .—m.xijiim-: roll w^A.siii.No tbre(* or lour dilli'i'ent 

rtAiiiiA. sizes, so that tbe barley. 

xx’bieb enters tbe eylindi'r 
wbere the ni(‘sbes ar<' narrowest, in ]iassini>' tbroui;b is 
gradually fri'cd from dust, seeds of weeds, and other im 
pill dies, and tinall.x' leax'cs tbe cylinder i-leansed, grains 
of uniform size leaving tbe cylinder tbroiigb tbe netting 
at different points. "Fbe <‘leansing may be rendered still 
more tborougb by tb<> use of an air blast. 
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5_The Steeping Vat and the Operation of Steeping the Barley. 

IJcCorc 1 Ik‘ malt is ready IVji- flic floor it must absorb 
so mueb moisture lliat the .yermiiialioii eaii ^iroyi’ess to 
eomplelion imd(‘r normal eoiidilioiis, b'or fills |)uriiose 
tbe bai'lex is broufibl into eoiilaet wilb water in the so- 
called steepiiy” \’al or cistern. It lias b(>en determined in 
praetiee Ibal a sleeniny ^’al capacity ec|uivab'lit to .'id 
.aallons is necessary t'or eai'li 100 pounds id' barb'v. In 
malt pre|iaration ot lonc(‘r duration a sinyle \'al is snt'- 
licieiit, but ir the treatnumt is shorter two \-ats ai’c neces¬ 
sary’ t'or alt(‘rnate use. Such was rormerly tbe case, tlionyb 
to ilay this nietbod lias been ymierally abandmu'd. It is 
preferable, bowex’er, to have two \’als a\’ailable under all 
circimistances. 

Steepinc' \'als of wood or other jiorous material should 
be discarded. 'I'lie wooden vats wliicb were in former 
times c'ciieially ns(‘d lia\’e bt’im shown in iiractici' to b(‘ 
woitbless, as tbe oryanic substances dissoh’ed by tbe 
\\a,ei pimetrate into the pores of the wood and tlu'i’e 
ninli'yo putrefaction. Frc'iinent and tborouyli scrnb- 
biiiy and wliiti'wasbiiiy alone can keep tliesi' vats clean, 
and they are by no iiieaTis durabke 1'li(‘ sleeping vats 
should be located in an inclosed space, prel'erably over 
tb<‘ malliiii;' lloors wllieli au‘ to be snp|)li(‘d with st(‘epcd 
barley from tliein, and should be widl prot(>cted fi’om 
fiosl. l>y localiny the vats above the floors the barley 
need Ik> transported but a short distance. Stc'epiny vats 
constructed of brick, with walls faced wilh <“enient, are 
still occasionally to be found, thouyh tliest', too, aie in- 
ellicient. Vat constniclion in which the oiithd ojieiiiny for 
the stct'piny wal(“r is located at the bottom ari' ijuito use¬ 
less. With this form of \'af it is impossible to avoid tho 
slow withdrawal of the water which filters through the 
barley, h'aving therein the major part of tin' ini]nirities 
which if (‘arries. lleinzehnann lecommends the following’ 
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(‘«nstiu(ti()ii i’or stcoiniig vats; The vessel should he of 
iron with a <‘eiitral, conical bottom. .Vhovc the latl<‘r is 
a second bottom comprisitis' seveial cast iion plates; tin* 
second bottom is perforated and is monnt(‘d on snitablc 
supports. Below this bottom 



is a pcrfoi’atcd pipe which 
s(>rvcs as a watc'r i?d('t. 


The 

with 

water 

front 

l)ipe 


X’cssel 
np|>cr 
outlet 
of flic 
is loc; 


is jirox’iilcd 
and lower 
pipes and in 
Up])(*r outlet 
ded a small 


|ipS!ySlAKi)gi* lU'UiappiWli. LiLSSi 

chamber bavins'' at the side 
o)' niuhn'iieatli, a wire net 
to hold bai'k the <>ralns 
carried by the current of 
tlu' wafer. ’^I’lie vessi'l is 
tilled with water and tin' 
.H'lain is poured in with 
constant stirring'' of the 
liipiid, the sterih' tjiains 
remaining' afloat on the 
surface. .K strong' <'nr- 
rent of water is now I'ore- 
ed through the steeping 
grain from the lowin' inlet 
pipe, the mass being con¬ 
stantly agitated. B.x' this 
procedure the impurities 
the stinile grains tloating on tin* 
mannalls or in an>' other suitable 
emptying of a xat of this kind 
a perforated bottom whii'h 
of a sni>port it will 
automatically release the mass in the' vc'sscl aiul pin'init 
the same to eseai>e rajiidly therefrom. 


Fi<;. 7.— luox SrrFpixt; 

Watkjc IXLPT Bia.ow am» 

Ci.i:A -N s IN <; Ai’ ['A Ka I’i ’ s 

ai'c washc'd away, and 
surface can he remox'cd 
way. ^I'o facilitate' the 
it is of adx'antage to provide 
is so hinged that upon the removal 
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The whicli at fiist rise* Id the surface of tlie 

water may include not only storih; grains incapable of 
gei'niination, hut sound grains as W(*li which are brought 
to tlie surface by air bulibles. l<'or this reason tlie grains 
tloatiiig on tin* sui fac(“ sliould, I'or the lirst two or three 
hours, be snl)n!erg(‘(l ))y means of tlie stirring jiaddles 
so that finally the steiilc grains alone remain on the sur¬ 
face. d'hese boating grains constitute what is known as 
skim barley, d’his need not be thi'owu away after its 
remo\’al, for it mak<‘s e.\cellent fodder for cattle. It is 
nncertain what proportion of the entire weight of the 
steeped barley this i'('fuse reprc'seiits. While very little 
skim-l)arley results from the st(*(>]iing of well-cleansed 
and assoited grain, the projioition ma.\' be as liigh as 
•‘i to 4 |iei’ c(>nt if badly cleansed barley is us(‘d. The 
amount of rel'us(‘ also depends on thc‘ mannei' of stee])ing, 
and it sometimes happems that the amount is greater 
from prop<n'l,\' steeped barley than from grain whi(*h 
has been negligently worked. 

'fill liarley is allowc'd to remain in the vat until it 
beconu's saturated to the pro]i(*r degree. The duration of 
the steeping depends upon the character of tin' liarley 
grains and upon the temperature and chemical chai'ac- 
tcM'i.stics of the steeping water, and finally, upon the 
method of steeping ;is well. .Mild, faiinaceous liarley 
scd'tens sooner than horny grain, while a rich, thin- 
skinned bailey reipiiir's a shorter .ste(“])ing ])<>riod than 
the full-grained, thicl<-skinned variety; the grain absorbs 
the moisture with gr(‘ater rapidit>' in warm and soft 
water than in colder and harder water, jn geTieral. it 
may be assumed that the barley becomes sufficiently 
steeped within three days. In summer the grain may be 
ready in two days, while in winter the period may have 
to be lengthened to four days. Rye* and oats ean he 
steeped more rapidly ihan barley. The proper length of 
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time for steeping tins elajised when tlie grain sliows a 
mass of unsalurated siii)stance in tlie farinaceous body, 
of about the size of a ])in’s bead; tliis unsatura((‘d mass 
can- ])(“ distinguished by reason of its liglitei' color, liar- 
ley wbicli lias steeped too long gcuininates irr<gu- 
larly, while barley wliicb has lemained in the water for 
so long a jieriod that it becomes “dead” will not gc'r- 
jiiinab' at all. Hn tlu- admission id' air during the 
sfe<-ping process subscquciil germination is stimulated. 
Sii-nums r(‘comm('nds the altinnate working of tli<' barley 
with water and. exjiosed to the air, without water. 

As metdioned bcfoie. the teanperature and chemical 
comiiosition of the water as well as the physical and 
chemical constitution of the barle\', ai'(' tlu- most impor¬ 
tant factors wliii-li go\’ern IIk- timi' re<|nir(d for the 
steeping of the grain, 'fliese considci at ions are of great 
importance ami should be caiefully studii-d b\ tlu- nialt- 
st<M'. The higher the tcinperatuie of the water and the 
softer it is, the more (piickly will the barley he steeped, 
whil(‘ the thicker the husk and the denser the tissue of 
the tlour hody of tlu- grain, th(‘ longer will he the lime 
re(|uired for stei'ping. As a ride the steeping in summer 
is from thirty-six to foi t> -eight Imurs in duiation, while 
it lasts from thre-e to five days in winter. 

'rile following are among a number cd' fairl\’ reliahh- 
tests fo7- judging whether or not harle>' has been suf- 
ticimdly steiqied: 

1. It slionld he (lossibh* to comprc'ss tlu' grain hetw('en 
the* fingeis when the poiids are [iressc-d toward each 
otliei'. 

'1. In iiressing hetwt'en tlu- fingeis or in bending over 
a finger nail the hull should readily detach itself from 
tli<‘ tlour body. 

In cutting xvith a dull knife the giain should not 
fly a])art sliaiply, but should be pressixl flat. 
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4. Tlio stifiik of tlio (*iit Of bfokoii grain should bo 
c-lialk-likc. 

In .s((‘Oi)iiig’, 100 ])arts of bailoy yield as a inaxinunn 
KiO parts ol' st('(‘iH'd barley, on an average' 140 to 14.') 
parts, and as a niiniimnn I.'IO parts. 

It ean be said llial. as a iiile, it is less dangerous an 
ervoi' lo allow the barley to be insuffieienll\' steeped than 
to carry the steeping piocess too lar; for a lack of mois¬ 
ture dining germination ean easily he remedied by 
sprinkling the germinating grain, while at that period it 
is impossible to remoec a superiluily of Avater. 

'file duration ol the steejiing peiiod (k'peiids njion the 
degree of care with which the internal activity of the 
grain is noniished during the process. The nieiabolic 
or living foiet' of the germ, which becomes active during 
the softening of the giain. and which manifests itself by 
r(S|iiration, repiiires the ox.xgen of the air for its de- 
\ elo)iini'iil. Ibspiralion is a process of slow combustion 
dini.ig' which the grain ahsoihs oxygen and \ields car¬ 
bonic aciil with the ex'olution of heat. It h.as been proven, 
particularly b>' the investigations of Sihiiill, that the car 
honic acid cx'oKcd exerts a retarding inllucnci' upon the 
processes of germination, and, therefore, the carbonic 
acid should be removed li>’ cm rents of jiure air. d'ho 
consti'uction of the malting Hours should allow of thor¬ 
ough ventilation; but the admission ol the air must be 
regulated in such a manner that the germinating grain 
is pi’otecicd I'rom all strong (balls oi' from contact with 
cold laxers of air. In the old method ol sleejiing, oxygen 
was admitted in limited (pianlitics only, each time 1h(' 
water xvas changed, and by means of the small (juan- 
titles of air can ied by the grains themselves between the 
huslus. 4'liesc (pumtities of air were, however, insulTicient 
to ])rox'ide the germs sirixing to dexeloj) xvith the neces¬ 
sary oxygen. 'I’o axoid this insufliciency a dilferent 
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iiK'tliod of stooit'ms liiis Ix’oii di'velo])(‘(l in recont tiim-s; 
this is known as “air-wafor st('(‘])ing.” In tliis method 
air is either foici'd lhronj;h tlie steejiing' mass from below, 
or tlie mass is allowed to stand in free eontaet with 
the air to obtain the necessary oxygen. 'I'lu' latter o)n‘ra 
lion consists in simpl\' allowing the harle\’ to stand alter¬ 
nately with and without water for jieriods of about six 
lionrs. 'I'liis is tlie method t ecommcmded by Siemens, as 
said before. ''I’lie resiiiralion of the gei-minating .grain 
is accelerated h\- this suppl.x ing (d‘ oxygen to such a 
degree that the .grain begins to s))rout in tweiity-foni' to 
thiit\ six hours. W'lnui this occurs it is placed ni)on the 
maltin.g flo(jr, hut as it docs not contain sulhciiuit water 
for compleh' .giu'iniiiation, it is ncccssar.\' to au.gmcnt the 
supply of moistin')' by sprinkling the .grain when sjiread 
out. Ih'sides savin.g s))ace and tinn*, this mctluMi oi 
steejiing possesses the ad\anta.ge of ]>racti<'ally |U'eciud- 
ing till' possibility of o\erstec|)in,g. ddiis was loimcrl.v 
a constant dan.gcr, |)articularly in working barley which 
germinated wilh dilhi'ulty and rvhiidi was not uniform in 
grain. 'l'h<> (pialily of malt obtaiimd b\- tlu‘ aii'-wat<‘r 
method is litth' inferior to that resulting from the other. 
I’urthei more, the amount ol malt reiuse, according to 
Schneider, is less, and the germinating |)OWcr is hi.glier 
with the more modiun jirocess. W'indisch also a.gri'i's 
with these views. ('()nse<incnl].v the air-water method 
has come into widesjiread and successful use to-day. 

\\’hih' germination ma.v take place at a tcmpcralnre 
as low' as 4f“ F., it is veiy weak and slow under these 
circumstances, 'flic most favorabh' temperature lor the 
gel minatioii of barle.v, and other varieties of gi ain as 
well, has been found to lii' bid ween lit)” and 77 h'. The, 

germinative power of tlie grain becomes very much 
weakened anil usually ceases entirely at points above 
<S()° to 1)5° F. It has been shown to be of the greati'st 
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iiiil) 0 ]taii(*e to luaiiitain tlio dotinito toitiperaturcs laosl, 
Favovabk! to tlie vaiioiis staf>('s of gotiniiiatioii. In ])ia<'- 
tice coitipaialivcly low 1(>in])i‘iatuios arc f>'on(‘ially oiii- 
]iloyi‘(l, as slow goriiiiiiation, with its less intc-nso coin- 
l)Hstioii, saves starch and prox idcs tlic malt with a higher 
propoi’tion of diastase. At th<> sam<‘ time the formatimi 
(d' organized vegidahle fernumts which would e\'t*rt an 
injurious effect during the suhs(>(|uent ojierations, is pre¬ 
vented. 

6.—The ArranKcnient of the Malt House. 

It cannot he mniiliasized too strongly that cleanliness 
and the eliiiiination <d' micro-organisms injurious to fer- 
im'utation should eoustitide the fuudamenlal prinei|>le 
for th(' l•at;onal ]u'eparation of mall. If it is jiossihle to 
ohtain ])Uie and effeetivi' malt, the suhs('(pient operations 
in the process of spirit manufacture' can he eai’riee’ eud. 
with comparative (‘ase; if, on the other hand, ;i mistake 
has heen made during the prepai’ation id' the malt, this 
mistake in\ariahly (-ounfs h(>;i\’ily later on and diminishes 
the sid).se(|Uent yield (d' alcohol in an unmistakahle man¬ 
ner. h'o matter how earefullj’ the other o|)erations are 
eari'ied ont, the art and knowledge of tiu' distiller are* 
almost always usc'Ic'ss if he is I’oreed to work with in- 
ft'iior mall. 

/'Vu' llic.sf iciisdii.s flic mull liDiicc ill iihicli llic malt i> 
jiii’liarcil iiiiikI he of such cdiisti iicHiiii and must he so 
maiiilanicd lhaf iiadd. as ircll as puli cf acliuii and /cimcii- 
lafiaii aiousiiii/ oi aaiiisms, caiiiiat he dcrclapcd llicrciil. 

In order to h«‘ independent of external tem]ieraturo 
changes, tlu' m;dt house shouhl prefeiahlv Ix' sunk -I- to 
S leet helow th(> surface of tin' eaith. If nee('ssary, it 
may he huilt u|)on the ground in the usual manner, hid 
in this <‘ase it is, of course, necessary to iirovide heating’ 
a)i)iaratus to eomhat low ('xteinid t('m|>(‘r:dures. Malting 
floors located above the ground art' really to he recom- 
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iiiciidcd ill siicli coiiiitric's alone wliere the distillation is 
usually (‘allied on, as in (Jennany, diirini’’ the wanner 
inoidhs of th(‘ y(>ar. In a mall house hiiilt above ground, 
th(‘ walls must he of such thiekiK'ss that an evim tem- 
])(“iatiir(‘ ol' oO to od l'\ can 1k* maintained without 
difticnItA'; the house should he pro\ id('d with douhh* doors 
and double windows, d’he windows shoidd ha\’e effective 
shutters, or the panes of glass should lx* eoatc'd with 
a mixture of milk of lim<> <ind ultramarine to imnent 
the direc't (‘iitry of sunlight. .\ll the openings should he 
])rovided ■with wire netting or tly seri'i'iis. 'Phe malt 
hous ' should, of eoiirse, he |)rovided with proper itlumh- 
ing for the water supply as well as with suitable outh'ts 
for the waste* water. 'PIk* roof of the strueture* should 
prelerahly Ik* \aulled. 

d’lu* foundation of tin* mailing floor is of the* gr(*alest 
importanee*. 'Phis must Ik* im]>er\’ious, smooth, and eas>' 
to clean, so that im]>uriti('s of organi/C(*d or unorganiz(*d 
nature* cannot attaeli to it. Plates of heaxN’ sandstone*, 
burnt clay, Solenhof(*n slate, cement, or asphalt, haxe* 
he(*n found well suited for the* ]»iiipos(*. 'Phe* walls of 
the* nudt he>ns(* must he so ee)nstrue*t(*el that the*y can easil\' 
he* washed with water; hard facing elinke*r cemented 
in place*, eer e'e)ne‘r(*t(* renele*r(*el impe'r\ioiis by a lae'ing 
which may he whit(>was]i(*el freun time* lee time*, can be* 
reeommeneled. At the* ve*rv h'ust, the* walls all around 
the malt house* simiild he* pre)viele*el with a smeieetb lae-ing 
of e-enicnt tee a h(*ight of d f(*(*t. It is ol aelvantage tei 
])re)viele* the* e‘eme*nt with s(*\e*ral e-eeats e)f a mixture* e)f 
coal tar anel asphalt in the* proi>ortions of 2 to 'J' j. Ohl 
plaste*!'e*ei\ e*i e*el walls shemlel be* re*] eeateelly coated with 
oil or (*namel jiaint to re*nder the* porous s))ols im]K'ivious 
and to enable* tbe* malfste*r tee wash the*m fi(*(*ly with 
wate*r. In a mall house* eel this e-onstriietiem mold or 
othe*r fungus speits shonlel uneler im eire‘umstane*e*s he 
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allowod to adlieio to llio walls, as tluw can, with little 
(lilliculty, !)(> j)r(‘VC‘nte<l or leiiHn cd; they should ho |•(‘- 
gai'dod as stains of dislioiio)-, and the iiialtstor should he 
sovoroly o(‘iisui(‘d for their proseuoo. 

A jiroporly ooTistnu'tod 7ualt house of tlu' average, ('oiu- 
]iaratively small proiiortioiis usual in the distillery, hard¬ 
ly r(‘(piii'es artitieial \’e7itilatioii despite tlic' (';77'ho77ie iieid 
de\'eloped d7 7 7-i77f4' a:e7'77ii7uitio7i. It 7 7 7 ;iy hap|ie7i, how- 
(A’er, that a 7i7usty odoi' h('eo77ies ;7pi);7i'eiit i7i the 7iialt 
house; 77 7 idei' these ei7'e77i7istji7iees ai'titieial vent i h7t io77 
77ii7st, of ('ouise, !)(' i7itrodu('e7l. d'his, howcAuu’, sho77ld 
7777de7' 710 eo7iside7atio77 he ;7llowed to 7(>dnee the tei77pe7ii- 
t77 7'e to 77 di717,l>e7()77sly low poi7lt, 7707' sllould it 7'7‘sult ill 
di'.afts with eonse(pie7it i7ie(piiilities 17) the tcuipei'iitu7e. 

d’lic' malt house 7mist he 7nade si7nieie7itly eo7muodio7is 
for all pui'posi's. d'liis iu7poi Ia7it i'e(|77i7’emeiit is, uid’or- 
t7i7U7tely, i>'iv(>77 too little eo7iside7atio7i 77) jiraetiee, iUid 
oftem the 7n;ilt hoiis(‘ is p7'opoiiio7K‘d foi' the most I’O- 
st7iete<l operatio7i, i7i the hope that should futiiie dis- 
tilljiti ui he 017 a Ia7>«'er seale. th(> tloo7s ;7vailahl(‘ would 
he sul';i-iemt ev(m i7i tiuit e;is.'. ddiis is a dei’iiled mistake 
to 7ual\e. If the m:ilti7i,i>- floor is 770t lai-.ae euouyh, it is 
7i(“eessa7'y to woi’k the 7niilt iapidl>', to pile it n|) ill lu'uiis 
of eo77sideriihle heif;ht. 'The 7iatural i'esi7lt of this is ai7 
iiis77ft7eieiit diiist.'ise fo7'7iiation, .a too li7\uriaiit ,a7'owth 
of the 7i7alt, a77d a d('eide<l d(“V(‘lo]mumt of 7uold orj’.aii- 
isms and baetei'ia which latei- h;i\'(' a deleterio77s etteet. 
Often the distillei’ is e(‘nsured foi' tlu' slow ]U'o, 2 ;iess of 
the opei'i7t)07i, whei'(‘i7s tlu' fault I'eally li<‘S in tlu> inetlei*- 
tiv(‘ arra7i^'e7ue7it of th(‘ 7n<‘ilt house. (% 77 ise(|ii 07 itly, the 
7n!ilt house shoi7ld he so eonsl7’7ieted that tlu' distillei’ can 
work the 7ii!ilt aeeoidiiisi,’ to all the i)7'oi)er i’e;ii7lations of 
th(' art and with the neeessaiy low te 777 ])(u’a 1 iii’i's. A slow 
<ind cool wo7’k7TiS' of the 7i7;ilt, whicdi undcu’ 7io eii’eiun- 
stanees should be coi7duetod at ii te7niie7aturo above 
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F., is ii fiiiHliimoiitiil m‘(*(*ssity for tlie jiroductioii 
of a good, sti'oiigly diastafio malt. 

d’o I'oiidor possihli' a loopor vvoikiiig of tiu* malt--ni 
tlio prosoiit timo a twiody-day period is rooogiiizod as 
al)out till' most Itn'orahk' one—a malting Jloor approxi- 
mat(‘ly 20 s(|iiare yai'ds in area is lu'ccssary for eacli 
iJtid gallons of mashing capfwit.s-"according lo Hcin/.ch 
mann [lossihly I’d scpiarc yards. 'I’licn’c slionid be so 
nuicli room tliat it is unnecessary to form the hcajis up 
to the side walls, foi' at those points the temi)eiatnr(* is 
usually lovvei- than on the rest of tin* floor. A. small 
eliani.el should he ]iro\’i<]ed at the walls to carry off the 
flow of cleansing watei'. 

If tlK‘ malting floor is not large enough for malting 
of tliis duration at low tempeiatuie, it is to he rt'eoni- 
mended tliat tlie malt lu' removed from the malting house 
foi' the last few days and dried or witluniHl in an airy, 
wc'll cleaned loft oi' withering floor, to pic'jiare so-called 
withered malt. 


7.—The Processes of Qermlnation. 

Germination is a life process which hecomos externally 
visible through the formation of the acrospiri' and of 
the radicles. It arisr's under conditions of a rletinite eon 
tent of water in the grain, a certain tcm|)erature, and 
of simultaneous contact with air. 'J'he water serves for 
the dissolution and trans|)oi-tation of suhstan<*es. d’he 
necessary heat arises from the res])iration, which dc'pends 
upon the aeci-ss of air. ^\t the same time the nvspiratiou 
jirovides the force necessary for the formation of en¬ 
zymes which dissolve and transmute the substances con¬ 
stituting the farinaceous body. This is the iiui’iiose of 
gonnination. The enzymes, in ])artieular, must convert 
the carbohydrates into sugar (carbohydrate enzymes) 
and the highly molecular albuminous substances into 
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simpler albumen combinations (albumen dceomi)ositive 
enzymes). Both of tlieso are ]>roe.ess(“s of jiji'eat eom- 
])Iexity. 

1. 'I'lu' aetioTi of the earliolivdrate enzyjncs durinic ser 
mination is as follows: 

First, they dissolve the cell walls of the grain by 
means of (be sc'cretion-diasta.se (zytase). 

Seeomlly, they dissolve the starch by means of the 
diastase, con\'erting tlu' stai'ch first into dextiins and 
linally into maltose. 

'I'liirdly, (lii'y tiansfonu the niaItos(> into gra]ie sugar 
tliroug'li tli(> action of the glucase. 

Fouitlily, (bey effect tlu' reversion of (be grape sugar 
into caiK' sugar. 

Fifthly, they invert tli<‘ cane sugar into d<>\trose and 
levulose. 

.\nd finally, tb(‘y eir(*ct tb<' reconversion of (Ik* starch. 

'I'lius, besides the d(*com])ositive ]>roc(>ss(>s—(he trans¬ 
formation of the starch into sugar theie are simultan¬ 
eous foiina(i\(' actions and the starch is constantly being 
dissi i\’ed and rc'conveited. 

‘ 2 . Just as the starcli is converted into <-ertain 
xaimdics of sugar through the a<*tion of the diastasi*, so 
arc* the highly moh'cular albuminous substanc*es ])resent 
in the grain transformecl during (lu* germinating jxrocess 
into sim])ler condciTiations through the activity of the 
l)rot<*olytic (albumen decompositive) enzymes. This de¬ 
composition also, is ('ffe(*t(*d gradually, stej) by steji. 
At first noTi-diffiisible substances (glutens), which are 
but icartially soluble, are form<*d. The subscapient 
]n’oduc(s of decom])osition, the albuminoids, ai'e, it is 
true, more fully soluble* than the preceding ones, but 
they arc nevertheless diffused with difficulty and, eon- 
sc'cpiently, are of little value as regards the nourishment 
of the germ. The action of the prot<*olytic enzyme must 



S8 


IXDUS'l'lii AI, AIA'OHOL, 


lnDcwd still fuitli(‘i- hcl'orc coiHhiiialioiis rosiilt Avliicli 
JU'e soluble without ditlieulty, which uri* characteiized hy 
a lii,iirh <le,i>i'ee ot dilfusihilit>', and which arc, therefore, 
of Ki'uat value for tla* c'lowth and metaholie iietivitv 


of jijreat value for tla* c'lowth and metaholie iietivity 
of the genuiuatiiif^' grain. Thest' ai-e tli<‘ jieptoiies, i)ar 

tieularly tho.se eoud)i uat ions I'c- 
„ /' .semhiiug the amides, aud espe- 

i V, eially asparagiii. As tliese sid)- 

AA stances aie extrcuuely \'aluahle as 

A\ imtri(‘uts for yeast, their pi’es- 

[\y\“ i cnee guarant<‘es that the mall will 

j IjfwAV ^ i I]) he eff('eti\'e foi’ _\east prepara- 

j ||i j 11 lion. In (|uaidit\' they represimt 

1 V \ ' v ' / // 

\\ ' 'll nitrogenous suhstauec' in the 

'°V'Aw^'\\ \lh/ g'l'aiu. 'I’he largest iclative pro- 

B Y Y An// p<utiou of the amidt's is found in 

Vv a/s (according to Kelliun- 

\\ \ \ // “ ’ df.!) per c<mt ) ; the greatest. 

Y\\ \ '! ahsolute ipiaidity is found in the 

^'\' r 1 " if body of th(‘ giain. 'I'he total 

I'J ij,-' quantity is iiatnially greatest in 

Y/ A / A malt lu'cpared from harh'y licli in 

/ !'• / nitrogen, aiid, tlau'el'ore, such 

„ N’aim'ties of <>rain should he pr<n 

Fli'. S.—.\IA(.MJ r|.|> Cito.s.s ' . . ' . 

SK. noN ec V (iMooN. im- ntih/ation in tlie drs- 

A'ii.\<; (.iicMN ej.' tdlery. I he preseiu'i' ot tin.? 

Hourv. albumen deeomposit i\’e (nr/yiiu' in 

germinating barley has Immui ex¬ 
pel imentally demonstrated by W'indisch and Sclu'llhorn 
(Institute for Distillation Industries, (lermam). 

Fig. S of the aceompans ing engra\'ings illustrates a. 
gmininating grain of barley in cross section. .1 rejut*- 
seids the enveloqe of the grain, consisting of the glume 
or husk, B indicates the embryo oi' germ, (' the endo 


Fit'. 8.—AlAt.Mi rFi> Cko.ss 
SK<''II(>\ or (JiHMIN- 
AII.\<; CiKAlN OF 
I? \KT FY. 



ITS MAN I’l'AC'JTMIli AN'I) L'SKS SK 

sjH'nii, the lariiiaeeous body of the j>'iain in Avhicli lla* 
shireh is mainly located. '1 he staicliy c(>lLs of this tarin- 
ai-eons body are sepaialed tioiii the husk l)> a note 
•stareliA' i>lulinous laN’cr which l)cl()n,i>-s to the slai'ch 
l)od\. d h(' cells ot this layer ai'e anj^nlar and piisniatic. 
with thick walls. d’hc inteiioi' ol these cells is tine in 
I’ranulc, dai k ^ray in color, an<l is tormed of aihuniinous 
bodies, d'hc c’ci m H conlains tla* lirst oiy>;iiis d( 0 'clop(‘d 
by Ihc yoimj;' plant <^iowin,y from the seed, tor instance 
th(‘ Icat j;’ci m and the st(‘m j>(’rm. (h'stined to de\’clo|) 
nitimati'ly into tiu' organs of the plant above the y:romiii. 
'Ibis pari ol tlu' emhr>o is known as the jilumule or, in 
th(' distillation industi\, as die acros|iire. The roots are 
d(‘V('loped from llu' lower part of the embryo, a', and ar(' 
called radicl(“s. Itcsidcs these, tliio'c arc an eiiA'cloiiiny,' 
laver, the laryet of scutihhim, hclwccn the ra)ina<-cous 
body atid the- emhr\o, and the colxlcdon which hrinf>s tla' 
siilistanccs dissoKcd dniiny germinal ion to Ihc farin- 
ai'cous body and I has acis as a carrier. 'I’la' convi'i tc'd 
snbsl inccs noi only pro\’ide nourishment lor the embrvo. 
but tie y ha\c the furlhcr lask, |iaiiicidarly the carbo 
hs'diatcs, of su|>porliui!,' the respiration of the plant, and 
of pro\-idiipt’' Ihc necessary lorcc I'oi- Ihc conxersion of 
substances. This occurs thioui>h tlu* oxidation of the 
carholix’diatcs, which thus make' their latent forci s a\ail- 
able lor the jnirposcs of Ihc plant yrowlh. 'I'he (piantit>' 
of carhoh>'drales consumed b\’ the respiration may be as 
much as 17 ]icr cent of llu' dr>" substance of the jualt, in 
the slow working; customarx today. 

SIrony rcsi>iiation of the ycrmiualiny yiain is oidy 
possible if air is freciv a.dmillcd therelo. The products 
of l■(spiration are carbonic acid amt xvater. If largo 
'luantitics of carbonic acid colh’cl, the respiration and, 
consc(|nent ly, tiu' energy of the gei urimdiou are de^ 
<‘reased. 'I’lie content of carbxmic acid in tin' air of the 
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malt lioiist' should jii'voi’ oxcood p<>r (‘oot. To iasuro 
that th(‘ ail' of Iho malt houso does not coiitaiii a por- 
(•oiitaj>'o of carbonii' ai-id hii>h<‘r than this, pi'ojx'r ven¬ 
tilation ma.v lie I'esorted to. 'The more thoroni'h this 
ventilation is, the jioorer in cavhonie acid and the rieher 
in o\>'i>'en will the air I'or the malt he. 

d’he evolution of heat j’ l'ows eoi i es|iondinf>ly xvith in- 
ereasial resjiiratioii. 'Phis heal ma>' evi ii leaeh so hi,i>h a 
])oinl that the ficrmination is eom]iletely destroyed nnh'ss 
means ari‘ jiioxidetl for reunlating' it. Heat r(‘s>nlalion 
can 1)(> elfeeted thionyh radiation and eondnetion, |iar 
tienhn ly hy eirenlaling' air in the malt lieajis. 'Phe air cir- 
enlatioii depends upon the foi in of the henjis and tin' 
ehaiaeter of ihe husk of the grain, ddie smaller or 
thinner the lu'aps, the hettm- will he the access of air to 
the grains, (irain, such as wintm- harl(*\' and oats, xxith 
heardisl linsks, develops less heat daring malting hecanse 
of hettei' air circulation in th<> heaps than do naked 
grains, such as rye. 'Pile cooling t'ffecl of the air is 
greater it' it is dry, as in this case the ex’aporation of 
tile moisture is more' (‘fiVetix'e. I’x' fr(‘(|nenlly tnrning 
the malt and throwing the grains into the air dnring 
the tnrning, the temperatnn* can he so regulated that it 
will not e\ei>ed (ui.T)' h\ 'Pile harleys rich in alhnmen 
heat more readily than those of lower alhnmen content. 

'Pile devidopnieiit of the harley grain is illnstratc'd in 
h'ig. tk 'Phe tiist grain sho'ws the steeped hnt nngm- 
niinateil condition. 'Plie next stage shows the rootlet or 
radicle hreaking forth I'roni the linsk of Ihe grain; it 
resemhles a white point in appearance. 'Phe rootlet tlnm 
s( palates into several hranehes and simnltaiu'onsly, a 
<listiiignishahl(> develojiiiHnit of the aerospire hegins. 
'Phe laftcM' forces its way along under tlii' linsk of the 
grain on the side* opposite to the furrow, as illustrated in 
grain d. 'Phe develojinumt jiroi-eeds as shown in grain 
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4. Fn tlio stafjF of dmolojuiioiil sliowii in 5 the 

aer()s|)iie lias attained a length apinoxiinately tliii'e- 
quarters that of the grain, while (lie radicle is ahont 
(inies as long as the giain. At (his poiid the nial( is 
from six to eigid days old. 

Formerly mall was regarded as callable of udli/.alion 
when in this eondilion; as such i( may h<* eharaeteri/.ed 
“short malt.” It may Ik' (hat wi(h the methods cm- 



i'lc. —A (iFHMiN atinf; B-\km:y (Jijain at T)ii-fi i:I’n r Stacks of Its 

1 )i,\ I Koi».\i 1- N r. 

ployed in the distillery in former times, in which a groat 
deal of mall was wasted, this vii-w was not radically 
wrong; foi" it must he admitted that np to this point in 
the (hwadopment. hut a short tiiiu' was necessary and (he 
danger of infecting the malt with miero-organisms harni- 
fnl to fermentation was a slight one. This danger does 
not Teach forniidahh' proiiortions except in a longer 
pei'iod of gi’owth, and it was foiinerly not ninlerstood 
how this danger eouhl siieeessfnlly h(“ ovm'come. Doubt¬ 
less the use of niiill wdiieh had developed for a longer 
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was attended with very little success in jnany 
instances, and as the action and nature, of the deli'terious 
orj^anisnis weie not undei'stood, the unlditunatt' experi- 
eiKH’s were aseiilied to the strong' dev(*lopnu*nt of the 
malt. However, as it is now known fioin the investiga^ 
tions of Ilayduek that the mass of the tliastasi> increases 
gi'<‘atly with the |»rogress ol‘ the growth of tlie malt, it 
is customary, in ord(*r to obtain a i)artieularly active 
malt, to pr(>par(' so-called “lo?ig malt” by permitting its 
de\'elopment for twenty days or more. With increasing 
growth the aeros]>ir(' ad\'anees from nndei' th(> husk, as in 
grain (>, and gradually prog'ress(*s further according to 
th(> degree of developmcjit to which the grain is j)ermitted 
to ad\'ance. 

8.—Treatment of the Grain Upon the Halting Floor. 

Tf ])Ossil)le, the barley should not bo removed to tiie 
malting lloor until it has been suftieieiitly steepeil. The 
methods of treatnumt upon the lloor duiing the jieriod 
of germination may eary eoiisidei'ably, but tbe procedure 
is usually as follows; Aft(‘r removal from the ste(‘ping 
\'als the barley is allowed to lie for ten or tweh'e hours 
upon the floor to |)ermit 1b(‘ watei' to drain oil. It is 
then spread upon the malting llooi- in an even layer to 
a deptli of 2 to 4 inches to jiermit tiu' grains partially to 
dry on the suri'aee. 'fhis preliminar\' drying <'an be 
recommended when the bjirley has been thoroughly 
steeped and when the lem|)<'rafure ol tin' lloor is a low 
ont‘. After some twelve o!' fourteen hours the barley is 
formed into the so called net a smooth level b(*ap 

fi'om S to 2b inches deep, the higher the teni]K'latnie the 
low(‘r b('ing tlu* hea]). (if course, il the barley has beer 
insuflieiently steeped and thei'e is danger of its drying 
out too much, the grain may be hc'aped into a coin'll 
without |irevious spreading. 4’o prevent an excessive 
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rise of teni])piiitim> in the intorioi’ of tlio (‘oiicli, witli 
ooiiso([iioiit uiiovon tlic hnrk'y must fi'(‘(|Uontly 

!)(> turiH’d to koo]) all tlu‘ yraius uiiilorinly moist. If tli(‘ 
t(“mIK'l atUK' ot tli(‘ maltiiij^' liouse i.s warm or wlioii tli(^ 
(‘ou(‘li is ()1 cotisidorahU' li('if>'ht, tlio hark’v must, of courso, 
)ic' timiod with yroator t r(’(|U('uc\ ; on an avoiaj>o, tlio 
wot couch siiould he turned at least e\'er\' six or eijihl, 
hours. 

d'he ,y('rminal parts of tin' barley iK'yin to d(‘velo]) in 
I rom eij* hti'en to tw('nly lour hours, or (*ven aftei' ;i 
lonyer period il the temperature is maintained at a low 
point. d he visibh' state' ol .ni'owth is called cliil/iiKf, 
and the eoueh is now chaiaeterized as a liiohrii coiirli. 
When the' radicles apjiear there is a )lereeptihle risee in 
tin' te'mpi'raturt' as tlu' oxidation pi'oec'ss hc'eonu's more 
aeli\(' in llu' ye'iniinatiny yi'ains. 'fin' hai'ley in tin' in- 
l(‘rior of tin' eoneh appc'ars moist; this is eausi'd l)y tin' 
condi'iisation of \’apor foi'ined duriny I’e'rminalion, on 
the upper, colder la>('r of yrain. 'I’ln' w('t eoueh is now 
eharaelei'ize'd as ;i iioinni or i/mniiK/ co/n'A, and it. is, 
horn this tinu' on, gradually ix'duet'd in lu'iyhl to (>, 4, 
.4, ami ('\('n 1* ineln's, and when this has Ix'C'ii aet'oni- 
lilisln'd it is ealli'd a piece or fluni. d’ln' l('mp('i’ature of 
the ;nr is tin' most impoilani fae'lor in ii'yalatiu^' tin' 
heiyhl of ihi' pie'ce's, and if the' se'ason is warm the latte')' 
must he' thinne'el e)ul e'e)nside'rahl\ by shove'liuy. I'neler 
)lei e'ircmnstane'e's sliemlel the' sui fae'e' eif a pie'e'e' he' ine're'.'ise'el 
teie) lapielly, lor if te)ei mue'h wale'i’ shemlel e'vape)i;de' the' 
ele'Ve'le)pment eef the' ^e'l ins weenie! be' i))te'i'rupte'el be'I’eei'e' the' 
pj'eepe'i' lime' hael ;iri'i\'('<l. d'he' minimuni ele'))th eef the' 
pie'e'e' sheeulel l)e' I'e'ae'lie'el just he'feeie' the' spiDidini;' preie'e'ss 
is te'i ininateel. d’he tleee))- aie'u ie'e|uile-el feir the' iinal sta.iie's 
of fi'i'e'cn mall pre'paratiem ine-re'ase's in pi'e)|)e)rtiem le) 
tile' ine'i'e'ase' in the' bulk eif the' f>rain elue' tee the greiwth e)f 
tile' raelie'U'S. 
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4’lie ])ic(*es re(iiiiro fixMiuoid tiiniiii};-, pri'fVrably two to 
four tiiiK's a (la\’, to insiiio a projjt'r air supply toi- tli<> 
I'cspiiatioii of tlio gcniiiiiatiiif;' giaiii, as tlu‘ growth jn'o- 
(•(‘ods with g'r(>al lapidity in the piece s, hi good malting, 
uniformity of growth is a prinu' essemtial, and this de- 
pmids almost entirely upon aeration and regulation of the* 
tempeiatiire. During germination tlu' radieli‘s should not 
glow too rapidly in ]iro]iortion to the development of th(‘ 
ae'i'osjiires. tf the harle>' is earned at too high a tenpiera- 
tnri‘, tliis may take' jilaee. d’he hardness of the starch 
body should decrease in projiortion to the developmeni of 
the germ, and tlie germination slionid he nniform through- 
out the grains. 'I'he color of the latter should remain nn- 
altereil and the radicles should not fade, hut should re¬ 
main white and shiny. In ease the gei ms eommen<'<' to 
fade before the proper lime the harle\' should h<‘ sprinkh'd 
with water. Dui'ing the jirogress of the d( velopment of 
ttie germs all the ahow considerations should he gi\'en 
earei'iil attention hy the maltster. 

9. -The I’reparatitin of Long flalt. 

The investigations of Dilhiiiek and his eollahorators 
]ia\’e determined that the diastase content of hail(\ eom- 
]iarati\'ely poor in alhumeii is inereasi'd in tiie proportions 
of tot) to Ills..") if the malting lasts tweut> days instead 
of a shorter time, as in the malting p! ii<i<l lormeil> used 
in ]>raetiee, while the increase in a ha)le\ rich :n aihumen 
is in the proportions of lltO to llitl..). '1 lie results ol these 
investigations have been eonlirmed both h_\ si'ientilie I'e- 
seareh and in ]U’aetiee. It can no longer h<' doubted that 
tlirough longer germination a more siiongl>' diastatie and 
a more aeti\’e mall is obtained; but certain considerations 
must be given e.ureful attention in order to earr,\' out this 
method propeil>'. 

l^iotraetion of tlie germinating jieriod does not alwa>s 
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gnaiiiiitcc that a stiDiigly diastatic and sound ])roduct 
will he obtained, and, tliercdoiiy it niiist he tlie siieeitie 
pill pose ot long malt pieparalion 1o luodnee a povvei t’ully 
aefive and he<-dth>' malt hy the ohser\'ation of all ni'ei'ssary 
preeautions in eanying the operation tor a. longer period 
and a1 lowin' temperaliires. d'he lenglh of the de\-elop- 
meiit of the aerospire is eoni] laral i vely immalerial in this 
leg,-nil. l,ong' mall produced with rapid and ln\niiant 
growth at higher tem]ieratnrc> oflen yields a poor mall, as 
the geim has been dineloped out of its own mass and has 
not made nsi‘ of the farinaceous body for its de\'elo}iment. 
h’nri bin niori', the formation id' aeti\'e eiizx'mes has lieen 
lelaided so that the dissohing and eon\ersion of the sub- 
stances wini' but jioorly effi'cled. d’he malt must have a 
st I ong and forced dexclopment, with inteinal consump¬ 
tion of as mueli as |)ossible of the fai inaeeons body, d’be 
sueeessful maltster is one who siieei eds in produeing the 
greatest diastatic power with the least possible devidop- 
menl of the aerospii'c. 'I'he eori'eet method is basi'd on 
the inineiple of long working of th(‘ malt without allow¬ 
ing the aerospire to grow too freely or to attain too great 
a lengtf. I'nder these eiieumsianees the inosl effeeli\'e 
consumption of the farinaceous b.ody occins, so that in 
the suhseipient utili/.ation of the malt no part of the starch 
fails to undergo decomposition. 

I^'or this pur|)ose the malt is e;iri'ied for a period of 
twenty days, notwithstanding that formerly it was eon- 
sidiu'ed sullieient to work the grain for six oi' seven days. 
Its jiowerful dex’elopiiK'nt is obtained by fi(*<iuent turning. 
< )f course, it is iimnoidalile that the nndl should of neces¬ 
sity be fre<|uently moistened, though not too strongly, 
during a germinating j'eiiod lasting twenty days. Ilealtliy 
dexadopmeiit is aeliiex'ed by regulating thi' temiierature 
so that it shall never exceed ().■>..■) h’. 'rile develoiiment 

of mold fungi and bacteria is eondiateil by soaking tlie 
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limit ^jrain in dilute milk of lime, using aliout 1 jier cent 
of linu' to the muss of hurley. 

'The lollowing method for the jireparutiou of long malt 
is rei'ommendeil hy Hesse; After the barley has been 
remox'ed from the steeping \'at or washing a[i])aratus, it 
is jihieed upon the malting lloor in a heap, 2 to 4 inches 
thick, which is known as th(‘ wid <'oueh. 'I’he e\t(‘rnal 
moisture which the grain eai’iies must he r<‘mov'ed by 
fre(|nently tnining the heap. In the opeiation of turning, 
the mass should l)i‘ thiown into tlu' air as high and loosely 
as ]iossil)le, in onhu' that lh<‘ grains may come in eontiiet 
freely with the air. 'i’he more fre(|n('ntl> the w(‘t conch 
is turned and the more energelic;dl\' the operation is car- 
I'ied out, the soonci docs the giain become diy and begin 
to grow. In this connection, of couise, the moisture of tlu* 
;iir am! the outer temperatuie play an important part. 
It may sometimes luiiipi'n that the wet conch will lie for 
ti\’e da\’s without evincing the slightest sign of germinat- 
i\'e actieitx. 'flu* gi'owth now begins and manifests itself 
in the |irotrnsion ot' small white ]ioints ;d the ends of tlu* 
grains. 'I’lie coiu'h bleaks and is now known as a broken 
conch. 4’h(‘ white points of the grains gi'adnalK' increasi* 
in size and (hwelop into railicics. .\lter a period of three 
to li\'e days tlu* radicles have inci'eascd to three or four 
in nnmher; the acrospire dc\’i>lops on the opposite sidi* 
nnd<*r the husk, anil after thiec to li\'e days has .-ittained 
a l(*iigth e(|n;d to half that of the grain. 

Hnring this stage ol its dc\'< lopment, the mall is at tlu* 
hi!':lu*st ]ioint of its liA'ing actix ity. Itespiration and tlu* 
dexelopment of h(*al are ;d a mavimnm. 'I'lu* radicles as- 
snnu* a stiong foiin and begin to curl 4'he grain should 
not be moistened during this stagi* of tlu* dcx’elopment, 
and the wat(*r sniipli<*d to tlu* grain during st(*eping must 
ans\\'<*r for flu* pnriios(*s of g(*rminalion. 4’he radich*s 
should always be de\’(*lop(*d with the least jiossibh* ((iian- 
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•tity of moisture, 'iliey should show tlie handsome ehar- 
acteristi(‘ euii whieh usually is found in sironj?, diastatic 
malt. As a rule, addiliomil moistui'e should not he su])- 
jilied under normal conditions, until the acros))ire has at- 
iained a lenj^th e<iual to that of the entire grain. In ]iast 
years when this ])oint was reached the developnu'til of the 
malt was consideied sufficient; it was held to be a mistake 
to cany the germination so far that the acros))ire became 
visible. 'I’o-day, with longer working of the malt a greater 
d(>velopment of the acrospire cannot be avoided. The time 
at which the moisture should b(> added and the (piantity 
of water with which the malt should be sprinklecl depend 
pi'imarily ujion the duration of the woiking period, 
b’urlhermore, considc'ration must be given to the suitabil¬ 
ity of tli(> malting grain, the humidity of the air, the tem- 
]ieiature, and tlu‘ season of the year. After all has been 
said, it still remains a ipiestion of the expeiience and 
knowledge of tin* maltster with I'Cgaicl to the time wlnui 
the water should best be added to tJie malt. Aftei' the 
acrospiie has broken through the husk the added mois- 
tnro .-liould be limited as much as possible. If this is 
done the iadi(‘l('s becomt> drier and thi' vital action ap¬ 
pears to cease; tlu' heap, now known as an old couch, is 
allowed to lie u]>on the floor for several days longer, and 
if desired, may tinally be withered before being used. In 
judging a malt it should be remember(‘(l that the diastase 
content is indepeiuhmt of the length of the acrospire, but 
(lejKuids u])on the duiation of the woiking ipion the floor 
with moderate moisture and at a fairly low temperature. 
Tn general, if tlu* malt is carried propci ly and in accor¬ 
dance with established lulcs, for a period of eighteen to 
twenty' da.vs, it is strongly' diastatic. 

As destruction of organic substances and develoji- 
ment of carbonic achd occur during the germination of 
.the grain, it is clear that the longer the malt grows the 
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i!?re<atcr will l)c tlio lows in starcli, for tlio dostniction of 
the orf>:ani(* .saliwtancos ami the carbonic acid evolution are 
especially due to the deconii)osition of the starch and its 
conversion into sujtar. This loss in starch constitutes 
about till' ])or cent of the starch content of tlie grain in 
shoi't malt, while in long malt it a])]n'o\imatos 17 jier cent. 
('onse<|uently, the ))rot)artionate yield of long malt is hut 
90 parts, while that of short malt is 100; hut on the other 
hand, (id parts of the former are e((uivalent in di;istatic 
effect to 90 ))arts of the latter. in spitr of tho firrofor 

sforch los.'s the pre/xuation of loiip huiJt is of viidouhtisl 
(idrantape. In almost all modern breweries long malt is 
us‘'d to-day, and its employment has enabled the disliilers 
to (‘ffect a great saving in malt, sonudimes as high as 50. 
jrer cent. 

10.—The Preparation of Felted Malt. 

Felted malt is to-day less generally used than formerly. 
Its preparation is as follows: Th(« barley from the stec])- 
ing vat or washing ajjparatus is jiilcd in a h*vel hea)) some 
10 oi- 12 inches dec)' and is turiK'd ('very six or (ught houi s 
with a .shovel until the outside grains are a)>i)ar(>ntl>’ ((uit(‘ 
dry. d'he couch is then allowed to remain undisturbed 
until the radicles b(\gin to show at the tij's of the grains. 
The barley is now turned, is again s|)read out in a hwel 
hea]) about four inches dec)), and is allowed to ger¬ 
minate without interru|ition until tin* radich's hav(> thor¬ 
oughly intermeshed and entangled, d'his is called felting. 
Lukewarm waiter should be s])riid<led over the beaj), if it 
ai»|)ears that the u]i|)eT' layer becomes too dry before the 
under one has thoroughly felted. 'I’Ik* malt is si)aded into 
large s(|uaie sections w'ith flat w'ooden shoA'els, and each 
section is turned sei>arately after the necessary water has 
been add(‘d. During the s]'ading a nundier of grains, of 
course, fall from the malt, and these grains may be 
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worked into a separate lieaj) or may ke used to fill tlie 
sjiaees caused by turniiif? the lieap. The decree of felting 
governs the duration of llie working, aiK\ as a rule, it may 
be said tliat tbe iuo|ier ]ieriod lias elapsed when tbe lower 
liortmn of tbe heaii is hiok' strongly felted than tbe ii])per. 

1\> ns(> fc'lted malt either green or dry, it must first bo 
torn apart, 'fliis is aeeomplisbed by simple machinery 
in which the pieces of felted malt are fed from a hoi.))er 
<igainst a rajiidly-revolx ing shalt i>ro\'ided with sharp iron 
spikes or studs. 

11. Some Practical Data for Malting. 

1 . 1 he poult ion. of the ii/dll om!)) iju (ind of the. mult 

Itself. 

I be tigures giving tbe constituents and jirojiortionate 
content of each, of malt with and without the embrvos, 
will be found in a table at the eml of Ibirt VI1. 


1. 1 he u'dter eonteni of Ixirlep (ni/l of iiKill. 


Miiiinnmi. 


Dnrl-v . 1(10 

Strc|i"(i bailey. .10 ii 

(Ireeii iiiall. 10 o 

A ir ( 1 1 led mal I. Ill) 

Kiluilried malt. 15 


Maximum. .Average. 
IS.O M.O 

4.1 0 42.,''. 

H 0 42.0 

i:i.O 12.0 

0.0 7.5 


'J'he lo.sses- in nuiltinp and Ute nodt pield. 

One hundred jiounds of barley with S7 per cent of dry 
substance lose: 


Shoi-I Malt. 

Lon.g Malt. 


(7 day.s.) 

(20 da.\s.) 


Pounds. 

Pounds. 

In sfcep’nii^. 

... 1 .;!0 

1.30 

Dry suKstiuice during germination. 

. . 5 14 

11.57 

Total losK of the green malt. 

. . . H 14 

15.S7 

ReaiiHing dry substanee from 100 poiind.s 

of 


barley . 

. . . 71* 2(1 

60.S3, 

Green malt wi(h 12.5 per cenl of water. . . 

. 111.SO 

123.SO 
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Weiffht (Did rolinue. 

(dteratioiia of the harlcy in 

malting 

and ill 

drying or enriny. 



Volume. 

Weight. 


Parts. 

Paris. 

Barley before sleeping.. 

. 100 

100 


. 145 

148 



133 

Clean kiln-dried malt... 

. 101 

76 

Malt germs. 

. 31 

3.5 

12. — The Preparation 

of Malt from Oats, Wheat, 

Rye, 


and Corn. 



Malt can bo prepared from all of these grains, and 
under certain conditions the ^uoduct can be used to advan¬ 
tage, though r(‘cent investigations liave demonstrated that 
in general otlun- malls do not c(|ual barley malt in diastatit; 
jiower, and r-ery seldom do they exceed it. For instatu'e, 
the reseai'ches of (Jihser and .Moiawsky gave the following 
relative values: 

IJiaKtatic 

HITcit. 


Barley malt. 100 

live malt. O.? 

Wheat malt. lOS 

Oat malt. 110 

Corn malt. 2S 


The same investigators obttiined the following com¬ 
parative results regarding the sjiccharizing effictu-y of 
malt from tlilfertmt varieties of giain: 

Maltose. 


Barley malt (two experiments). ILllO 

Rye malt (one experiment). 13.tin 

Wheat malt (two cxiterimonts). l.';.r)22 

Oat malt (one exiieriment). I.SIS 

Corn malt (grown long). 4.0C2 


1. Rye (Did Wheal M(dt. 

According to the foregoing figures, malt can be pre- 
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liaiptl from ryo and wheat wliieli, in regard to iHastatic 
eliieaey, eoinpares favorably under the he.d conditions 
with liarley malt. TJie considerations obtaining in tlie 
working' ol barley also come into ])lay in the jireparation 
of rye and wheat malt. Itye or w'heat malt ijicparcd 
at high temjanatnro almost always possesses low diastati(‘ 
power. 'Idle richer the wheat or rye is in iii'oteius, the 
hettci' is the malt pre- 
jiared therefrom, accord¬ 
ing to the iiu'esiigations of 
llayduck. Both I'cipiirc 
stci'ping of shoi t duration, 
i\c I'rom twelve to tw'enty- 
four hours at a tenipcja- 
ture ol' oO" to ri-t" k\, and 
wheat some twenty-four 
hours longer. Itoth grains 
not infreipiently arc suf- 
licicntly slecped after 
twentv or twcuty-l'our 
houis. As tiu'y easily be¬ 
come' moldy, it is advisable 
to ti'eat them with milk of 
lime using about one jicr 
cent ol' lime to the mass of 
th(> grain during the first 
cleansing. d’o minimize 
the heating of the malt couches, it is sometimes advan¬ 
tageous to woi'k with admixtures of oats oi' barley, say 
one paid barh'y or oats to three parts rye or wheal, as th(> 
grains of both rye and wh<>at are not providi'd with hearils 
and the husks are iieculiarly thin and smooth. Tf jios- 
sihl(‘, tile duration of the germinating peiioi,! shouki be 
about tliat of barle.y malt, and the temperalure should be 
maintauieil between 5b and (>3.5" h’. (ierminating rye 
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and wlipat grains iiiesoiit a different appearance from 
that of the harley grain, as they hn'k tli<« resistant silicic 
husk nmler which the aciospire foices its way along in 
tile hartey. d'lic acrospire, therefore, v(‘ry soon breaks 
forth from the tejider envelope of the rye or wlieat grain, 
and hursts the shell, as is shown in I'hg. 10. 'I’h(“ relerencc 
lettcus indicate the same [unts as in the coi'responding 
Kig. S on pag(“ SS. 

Long malt prepared Irom iac or wheat can be nsed 
to advantag*' for sugar formation in the mash, though it 
has been maintaine<] that it is of less \alue in tlu' mann 
lactur(‘ of yeast. ^J’his can possibL be ascribed to tlu- 
fact tliat i'y(‘ and wheat grains do not possess bcard('d 
husks, for it has been cstablisheil that the latter play an 
im|:orlant part as means oi' transpoi tation in llu' mechanic 
<-al phases ol'yeast life. XcA'cilhclcss, excellent yeast has 
<»ftcn been pr<‘[)ai'ed under advantageous ciicnmstanccs 
with I ye malt. 

2. Oaf Malt. 

.V<>cording to Oliisei- and i\rorawsky, oat malt jiosscsscs 
but .'10 ]ier cent of the sngard'oiming powm' ol' barle\ mall. 
Ilayduck also found that e\'en in the most favorable case 
iiu'cstigatcd by him. it posscsse<l but oO per cent of the 
diastatic cllicacy of the latter; from thcs(‘ tignrts it might 
be assumed that its use ccjuhl hardl\ he recommended in 
till' distillciy. Xevertljc-less, ex|iericnce has sliown that 
its (‘inployiiH'nt under certain cii'cumstanccs is of advan¬ 
tage. SoiiK' light was thrown upon this ipiestion b>' a 
piiz(“ coiitr'st of the Association of the Spirit Manufac¬ 
turers of ((erniany, which ga\’e the lollowing results: ’I’lie 
best oat malt possesses a diastatic powm' tlecidcilly in- 
iei'ior to that ol barley malt. J^'ermentation is j'oorer whcui 
the barley malt is entii’cly re)ilace<l by oat m. It. With a 
normal malt addition (4 to b pounds of barley for each 25 
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fialloDs of niasliina: eai)a<‘ity) oiK'-lhird tlic (|naiitity of the 
hailoy can advaiitajucously li<' rcjilaccd liy oats. I^ack of 
iliastasc is not tlu' icascni why oat malt lends to inlninii/.c 
till dani>('r of foaminy,' fermentation. Cerlain |ilienonuma 
of fermentation, for instaiu-e, this ver\ formation of foam, 
mas ofleti he a\()i(h<l h>’ the nsc' of oat malt, and thus 
t( its emiiloymeiit can sometimes he aseiihed partiim- 
lail>' eseellent lei mentation and a iayae alcohol > ield, if 
the distiller has, lor tliesi* reasons, ahandoned harl(>y mall. 

'J’hns, at times it is enstomar\, it eert;iin disadvantages 
cannot he avoided when harley malt is used, to (>m|iloy 
oat mall as a leinedy. In iirepaiiny mall it is not alone 
a i|nestion of suyar-forminy' efli<'ae> , hid mall is also re 
yaided as Ihe hesl millient medinin for \east. In this 
(onneetion |i;irtieniai ly is oal malt imssissed of favoiahle 
eharaeterisiies. I'h\aetl> as eats are exeelUml food for 
yiowiny and hai d- workiny animals, it is of the yre.atest 
\alue, in a similar lespeet, lor yi ast. It. has not >et. hi'en 
falls determined s\ hieh oi its eonstitnents come into piies- 
lion for this purpose; |lai 1 ieiilarly is it an open question 
wheth, 1 till' alkaloid of the o.ats (;i\'enin) does or does not 
plus an important idle in this eoiisidei at ion. 11 it. is tine 
lhal oat mall is iieeiiliarly adapt d loi' rajiid iermeiita- 
lion, the ayyravaliiiy action ma> he aseiihed to some' side 
stance eontaimal in the oals, lollowiny the same litii' ol 
leasoniny as in connection with seasl. In laet, a iiuniher 
of ins’esliyations eondiieteil hy lleihriiek’. loyether with 
l)(hnhardl and Lanye, has d('te'mined thal Ihe /.yniase 
content of the _\ east is eonsidi'rahls' inei eased hy the ad 
dilion of oal malt. 

'rh(‘ prepaiation of oat malt is eondneted on the same 
principles as lhal of harley mall. The steepiny must he 
earii(‘d out with particular care, as oaks heeoiiH' thor 
onyhly sti'e])ed more rapidly than does harles. In yen- 
eral, oats veiiuire from forty to sixl> hours lor sti'cp- 
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iiig. After this oi)eration tlio .strain is spi’oad out in a 
thin layer to drain. After uniformly drying the oats 
are gathered in lieaps 12 to 14 inches deep, ami are al¬ 
lowed to germinate at u warm temperature for about live 
days. 

I’lxpeiienee has shown, howevei', ])artieularly in Hun¬ 
gary, that for oats a steeping piniod from thirty to foity 
houis in length may be suilicient. It has apparemtiy 
been proven that it is aihajitageoiis to emi)loy warm tem¬ 
peratures dining gei'mination and to carry the heaps 
com|iaratively high, b’ew attempts ha\'e been made to 
luepare long malt from oats, but it would ap]>ear from 
our I'xperiimce in ini']iaring long malt I rum bailey, that 
carrmng oat malt for a longer period would also be suc¬ 
cessful. 

e. ('())'}! Mult. 

Corn malt plays an imjiortant ]>art in distillation in 
tliosi' countries in which sjiirit is manufactured from this 
giaiii, or wheri‘ bailey is expensive or unobtainable. The 
(liastatic jiower of corn malt is small, and according to 
(iliiser and .Morawsky is but 2S per cent of tbat of barley 
malt, b'ui thei more, coin easil\’ becomes moldy and in¬ 
clines toward tlu“ development of micro-organisms in¬ 
jurious to distillation, especially as the malt couches must 
be carried moist and warm ((i<S to 84’ F.). Conseipiently, 
in the |ire[)aration of corn malt the \cry best grain otd>’ 
should be used, and this unfortunately is rarely obtain¬ 
able. 

('orn malt is extensivelv’ used in lhi“ Fnited Stati's. 'I'lu' 
grains must be steeped for at least three da\s, and often 
I'or a period considerably longer. .\ method of prepara¬ 
tion ('ommonly em|iloycd is that covenal b>’ Wolff’s 
patent. In this method the grain is tirst exposed to moist 
air having a, temiierature of iXi.S” F., in a heap about A-y^ 
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iriclios (loop, and siil)so<|]iontly, lor a jioiiod ol' two or (liroo 
liours, to dry air at tho sanio toini(oratnio. Wlion tlio corn 
is aftorward ooolod to ti<S" I)", it will absorb 45 p(>r oont 
of walor in stooi)inf>', and ro([uiros a period of only tliiitx- 
six hours tor this opination. I'lio sloop(‘d corn is oarriod 
in 10-inoli heaps upon a dark niaitin«- iloor, and is turned 
at least onei^ every tvveha* liours, tlu' teuipiuature b(‘in,i>' 
niaintained at 70" K. When the radieU's are about O.ll 
inch lonf>- and tli(> aeiospire has .just (>uier,<''ed I'roiii the 
grain, the geiinination is eouiplete. In Hungary, where 
eonsidei able coi n mall is used, I1 h‘ grain is jirepared by 
a tliorough washing and iireparalive shs'jiing. d’he steep 
ing iirojier lasts for about til'l\' liours in water at a teiii- 
jieratiire ol OS" I'’’. Hnder tliese eouditioiis th(‘ grain ab¬ 
sorbs about, .'(l! per e(Mit of moisture. 4'he mall is carried 
in 10-ineh eouehes after (-hitting at a teni|ierature of Sp ' 
f’., and, if neec-ssary, is s|irinkled with water, ddie malt¬ 
ing period is considered finislu-d when the points of Hu- 
radicles become yellow in color. 

4. M<ill I'l 1)111 F)i)if/i. 

It is due to a recent discovmy lhat w(' now know that 
(-ertain fungi jiossess sugai-rorming power, and <‘an 
therefore be used in place of mall. 'I'he i ('S(>ai cti(*s which 
have been Ctirried out for IIk- [)ur|)oscs of testing this 
discovery Jiave been lalher limited so far, but the lollow- 
ing N'arieties of fungi have b(‘en stndi<‘d more closely, 
with a view to delerniining their jiracliciil utility: 

A. A dapaiKxse mold fungus, h' k i olilo)) oi j/zoe. 4'his 
is cultivated in a suitable nutrient agtir, such as rice or 
bran. It multijilies in ;i short time, and the diastas(> for- 
nuition soon bc-gins in the organism of the fungus. 'I’he 
diastiis(‘ ctm be extracteal with w.-iter, and used in the 
stinie manner jis malt. Accoiding to the investigations of 
Delbriiek, tlu' diiistase thus obtained wtis remarkably ac- 
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iind it wiis ])ossil)lp to sacctuirizp staroli pxaptly as 
with grain malt. Its use in ])iacticp is still an ojipn (|nps. 
tion, liow(A(T. 

I>. A in iihtiii iiccs niiii.rii, )i()ss(‘ssing tlip same chai'actpr- 
istics as the first naiiipd I'nngns. Industrial utilization of 
this t'nngiis has licpn cairiod ont. in largi* coin distillcrips 
in I’x'lginm, l'’ian('p, and linngaiy. 'I’ln' tungns is cnlfi 
\al(‘d in till’ mash ilscll'. lIow('\pr, hetorp a gpiipral inlro- 
diK'tion of this I'ungns into inaotipp can take placp, cortain 
technical ditTicnlti(‘s must he orcrcoim'. fj) to the picscnt 
time tin' Kseatches conducted hy l)i'. I h'lmeheig' in the 
Institute for distillation indnstries, at the instance* of 
I)( Ihriick, ha\ (' demonste ated little jiossihility for tlie nse 
of this fungus in ]n)tato mashes. 

13.—The Preservation of Malt Through Drying in Air and Kilns. 

l’h(' harley ley gc'i mination has heconn' //rcca malt, 
which must he used eithei at once or within a few days, 
pio\ id(d nothing has heeii done to puseive it tdi a loiigei' 
pciiod. It must he tni'ncd lie([iu‘ntl> with the shovel and 
spiead out in shallow hea]is, il it is desired to keej) the 
malt without change for even a few da\s. Lowei’ tem- 
peiatures and snhseeinent desiccation inte'i rnpt the germ¬ 
ination ol the grain and maintain the eflicae-.s ot the mall. 
It is not veiy long, howevc'i', hetore' the formation of fnn- 
gns growths s<*ts in, together with lactic acid lermentation. 
'I'o picsei've the malt, tin' conditions fa\’orahl<‘ to tine 
giowth of fungi and mold must Ix' oh\’iated, and this can 
he accomplished hy drying. When the malt is <lried in the 
air in hot weather, it is called air (hied jnalt, and if tin* 
operation is cai'i i(*d out in a kiln tli(' term kiln-dried malt is 
applied to the piodnct. d'he latter contains l2 or .‘J ])er cent 
only of moistui'e, while the aii-diied mall contains as 
much as Id to 17 ])er cent. Both air-diying and kiln-diy- 
ing cause a certain loss in diastatie activity, d’his loss in- 
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eK’iisos with tlio (omixMiihu'c at wliicli the drying is con¬ 
ducted. j\ccording to Kjcldahl, the relative values aie: 

Diastatic power 
of Hit* dry siibslaiu e. 


(ir(‘on malt. loo 

(Jreen iimll di it'd at . ss; 2 

CJrt't'ii inalr tiried at 1 lo'"' . 7s 

(Jroeii niuU dried at ‘ F. aL'.l) 


r>ecaus(‘ ol' lliese severe losses in diastatie power, even 
with caiel'ul diying in air, it would appeal' to l)(‘ jiistilicd 
in hut, lew l■as<■s to prepare dr>' mall trom green malt in 
any maniH'r wliatsoe\'er. In hot coiintiies it is, |ii‘rliaps, 
necessaiN to use- kilndried malt entirely. In tcmpm'ate 
count lies it is adxisahle to use green or, at tiu' most, with- 
cied mall tor the preparation ol' maltose, llierehy not only 
sax ing labor and expemse, hut working with a more ef- 
leetive malei iai as well. 

'To air-di'X' malt, it is spread out in a very thin layer 
upon the lloor ;m(l Iuiihm] at lejist ex'cry two hours, care 
h(‘ing' laimn to hreak up all lumps. The ojic'ration can 
h(' sueeessl'ully earned out on hot, dry da\s in warm 
I ooms. 

In pr(‘paring' kiln-dried malt, tlu* green malt shouhl 
not he jilaced direetlx' in the kiln, hut should lirst he 
spi'cad out on the lloor to |iermit some ot th(' moisture to 
exapoiate, th(>reh>' hett<>r pri'serxing the ettieaey ot th(‘ 
diastase. It Avould aiipear trom Kraueh’s inx'r'sligations 
that while the diastatie powi-r ot the mall may he eonsid- 
(‘rahlv deen'ased hy high tem|ieralures while in a moist 
condition, its aetivitx is little imiiaired when dry. evim 
hy t<‘mperaturr‘s as high as ’J.')!" J''. ('ouseipiently, the 

drying should he eommeneed at a low teniiieratun*, and 
inerc'asi'd gradually trom ahoiit Sli or S7 k’. to 104 F. 
until the greater portion ot the moisturi' has been removed. 
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I'lie rpqiiaiiulor of tlio o|)oration may be carried out at a 
tem))era1me of 12U° to F. 

W'ell-dried malt sliould lioat upon water, and sliould not 
be mueli darker in color than lli(‘ y(‘llow of the barley; it 
should contain a mellow and sw(‘et white starch body, and 
in bitinn’ through, it should crumble easily witliout being 
liard and brittle. 

14.—The Quantities of Malt Necessary lor Sugar Formation. 

Before the preparation of malt was tliorougbly uudei-- 
stood it was neccssaiy to utilize large quantities. It was 
customary to use b to (i pounds of bai ley in tiu' Idrm of 
green malt for I'mdi 100 pounds of jiotatoes. d'bis bark'y 
is (‘(luivalent to a mass ol green malt weighing from 7 
to 71-^ pounds. Of the latter, some pennds, correspond¬ 
ing to 2 iiounds of barley, were used loi- tlK‘ pii'paralion 
of yeast, and about 4 pounds, say d pounds of bark's, for 
the mash. ^\nother reason for using such laigi' (pianti- 
ties of malt lay therein that the diastatic power id’ a con¬ 
siderable [lart of the mall was injuriously afl'ccli'd be¬ 
cause of inetlicient mashing apparatus, in which the ('(piali- 
zation of the teiiqK'i atuic was slow and incomplete and 
wht'rein the mash was overheated in paits. I’his was calletl 
the scalding of the' mall. 'I’liesi' conditions were changed 
by the intnxiuction cd' the exhauster in connection with 
tin' Henze apparatus, as wi'lt as by thc' jiowerful stii ring 
devices introiluced with modern mash vats, so that to¬ 
day instead (d' (I jxmnds of barle\', at most 4 to .b pounds 
are used. I>cccntl>’ a still grcati'r saving in malt has 
been made possible because of the incr<‘ased diastatic 
power of the malt pioduced by long malting, so that in 
a ju'opeily conducted distilk'iy ])rovi(k‘d with the best 
apparatus but 2 to 2'_' iiounds of malt grain for I'ai'h 1,00 
lionnds (d‘ jiotatoes are necessary for sugar formation and 
yeast preparation. In measuring the malting grain, it 
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lias lioen fouiul of advantago to xiso tlie inasliing cajiacity 
as a basis, instead of 11i(‘ quantity of iiotatoes to be inasbed. 
In this inetbod allowance for (be fact lliat more malt must 
be added to potatoes pool' in starch than would ajipan'iitly 
be neci'ssary according to tlK« (piantity of masbeil starch, 
is avoided, 'fo-day it is considered good inaetiee to use 
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4 to 5 pounds of malt grain for each dri gallons of mash¬ 
ing capacity. 

15.—Comminution of the Qreen Malt. 

I. M<fl( (' 

To bring the malt ra|hdly ami completely to an active 
condition, it must be comminuted as finely as possible, 
both for the prejiaration of the yeast and for the formation 
of sugar. This opmation is gimerally carried out to-day 
with malt crushers. 'Phe malt crusher usually consists of 
smooth iron rolls provided with adjustable bearings, so 
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that tlicy caj) be .sot any dosiiv,! distaiioo apart, oi' oaii bo 
witlidrawii wlion Iboy are worn ont. Dovioos for offootini-' 
tlie sell-adjustiiieiil oi* tho roils liave not been successful 



Ftc;. 12— Mat.t Mii.k Api'ak \'i i s of tiik Hotim Type. 

To break nj) tlie malt as ooiniilotoly as pos.siblo, rolls of 
efpial size an* no lonsor used, bnt instoad a larger and a 
smaller roll ai'o employed, so that a point on the snrfaee 
of tliG larger roll moves more ra()idly than the eorrespond- 
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iiig point on tlie surface of the smaller one, and a drag¬ 
ging and tearing action is thereby obtained. The rolls 
must he carefully fashioned and must he well moun1<‘d. 
Any injury to the rolls due to foreign ho<lies, such as 
pieces of iron, must he rc'medied without (h'lay. M'o avoitl 
laiiid detcrioiation the crushers are |)i()vidcd with s|iecial 
healings. I’ig. 11 illustrates an ajijiaratus which has hi'cn 
found efficient in practice. 

2. Moll Milk ppaI (ilus. 

The first apparatus of thi.s kind was constructed hy (A 
(i. llolmi, of h’redersdorf, (Jermany; it is illustrated in 
Fig. 12. It comprises a wrought-iron malt vessel ^\ith a 
couii'ul bottom; with this is coniu'cteil a ciuitrii iigal mill, 
which can he drivini with great lajiidity h>' means of belt 
and ]mlley and which, at the same time, is adapted to act 
as a jnimp. 'I'he malt which is placed in the \’essel with a 
ju'opcr (|uantity of water is drawn into the mill, hrokmi 
up, and thrown ha(;k again into the conical xesscl. 'This 
o)K‘ration is repeated until a line malt milk is obtaimal. 
M'he mah milk aiiparatus does not, however, render ]ios- 
sihle a nmi'e com|il!‘le comminution of the malt tJian is 
elTectc'd hy an (‘fficient malt crusher, hut the work per¬ 
formed per unit of tim<‘ is gri'atm'. .Malt milk api>aratus 
Avill he found useful where rapidity of operation is de¬ 
sired and where dilution of the mash is unimportant, for 
instance, where there is no tax on the mashing capacity. 



PART VI. 

STEAMING THE RAW MATERIAL. 

I_THE WORKING OF POTATOES. 

1.—Washing the Potatoes. 

T he potatoes must firat undergo a cleansing process 
in washing apparatus in order to remove adher¬ 
ing dirt and sand. Tliis oi)eration must be eariied 
out with exceeding care, for tlirough the removal of the 
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attached impurilies the general cleanliness of operation 
is enhanced, and deterioration of mashing and distilling 
ai)paratus is minimized. Before the ])otatoes undergo the 
washing itself they pass through a slatted dnnn, and are 
tossed about by the rotating Tuovement of the same to free 
them from loose adhering earth. They esoa ])0 from the 
drum through two or three openings in the body, and enter 
the water trough in small quantities; here they are grad¬ 
ually forced toward the opposite end of the trough by re- 
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volving stirrmg-arms. In the trough they are washed hy a 
ourieiit of water ilowing in a direction opiiosite lo their 


inovemeTit. The cleansed ])o- 
tatoos are thrown into eleva¬ 
tor buckets hy means of lift¬ 
ing blades; the elevator re¬ 
moves the material to the 
Ilcnze apparatus or to a scale 
located between the washing 
macdiine and the latter. Fig. 
Id shows a form of jiotato' 
washer largely used in (!er- 
inany. To accomplish a thor¬ 
ough ch-ansing of the pota¬ 
toes, the washing o])eiation 
must be of sufficient duration. 
It has been found that if the 
ap])aratus is about 9 to 12 
feet long, the washing is ef- 
feeb'd with the necessary 
thoroughness. 

The washing ap]iaratus is 
most adviinlageously located 
in the receiving room of I la; 
distillery, so that the ])otato('s 
can be shoveled directly into 
lh(' drum. In many ])lants 
washers of the kind used in 
sugar manufacture have been 
inslalled for the transferring 
and prc'paratory cleaning of 
the potatoes. They are to 
be particularly recommended 
for use with ])otatocs grown 
in heavy soil; the latter are 
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seldom itiojierly eleaiised witli a siiiji;le washins. Kvery 
])roperly-eoiiductod distilleiy should be luovided witJi 
an apparatus, installed between the elevator a7id tbo 
steamer, I'or weighing' the potatoes. For this pui'i^ose a 
simi)le wooden or iron receptacle mounted upoTi the plat¬ 
form of a decimal scale and ])rovided with a trai> door, 
has been found to be all that is neeessaiy to weigh the 
potatoes before steaming. Automatic scales, such as those 
constructed by C. Iteifort, arc frc(iueutly employed in Gei'- 
many. 

2.—Steaming the Potatoes. 

The potatoes are steamed for two reasons: 

First, to effect the cont'cision of the stai'ch to a gelat¬ 
inous or, preferably, dissolved state. As has been re¬ 
peatedly mentioned, unsteeped starch can be but slowly 
dissolved by the diastase of tlu‘ malt, while starch in a 
gelatinized condition is dissolved almost instantaneously. 

Secondly, to effect the destruction of the walls envelop¬ 
ing the starch granules, that the eontcTits of the c(>lls may 
he completely gelatinized and available for the action of 
(he diashise. 

■Vs 2 )otatoes contain 7() ]iar(s of wat('r to IS parts of 
starch, the natural moistun* is cntiielv sutlicicnt foi' the 
eonvei'sion of tlu' stai'ch to the gelatinized condition at 
a cooking tem[)eiatui'e of 21il° F. (Jonse(|uently, in i-ook- 
ing and steaming ])otatoes no water need Ix' added; on 
the contrary, it is even necessary for the i)roduetioji of a 
thick mash that the condensed water, as well as the am- 
niotie Avater or natural juic(! of the ])otatoes, should be 
withdrawn as lai'gely as ])ossible duriiig the steaming 
operation. The remaining f)uantiti(‘.s of water are sutficieut 
for the desired gelatinization f)i’ dis.soh'ing under high 
pressure. The latter is necessary in order to secme the 
rapid and complete dissolving of the starch. In working 
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grains with u low ])erceiitagc' of wator, tlio situation is 
tlitforent; tliesc contain hut L't to 15 [lor cent of nioisturo, 
and about (JO ))er cent of starcli, so that in steaming them 
wnli'r may be added. I’otatoes can he steamed eitlior in 
open vessels, that is, receptacles from which steam at 
ordinary ])ressure can escape, or in steam-tight, high-pres- 
siire ai)paratus. 

yl. Sti’dinhu; at Ordinary Prer.sure. 

Until the year 1871 iiolatoes wei'e steamed exclusively 
at ordinary pressure, that is, without the application of 
steam under high i)iessiire. ’^I’lie api)aratus used for this 
purpose was a potato steam drum of wood. 'Po-day this, 
as well as the method of its ojieiation, is hut of historical 
value. 'I’he operation of (his apparatus was very unsatis¬ 
factory as compared with 1h(> process of to-day, in which 
the high-pressure ai)i)aratus, the Ileuze steamei', is 
uti lized. 

/>'. Sfcanriiiy Uiidrr I/iyli Pri-tnaire. 

High pressure was first used in the year 1871 in the 
llollefreund aiipaiatus, the inventor of which is said to 
have hcmi an (Miginecr named Hchultze, of Uesth, Hun¬ 
gary. "rh(> Holhd'rcund ap))aratus, as then constructed, 
was (‘,\pcnsiv(' and required considerahle ]iower tor its 
operation; such ])ower was usually not available in small 
distilleries. 1 lollefrcmnd’s apparatus comi)ris(>d the fol¬ 
lowing parts, as indicated in tlu* a(“coini>anying Fig. 15: 
A, cylinder; />', dome; (\ manhoh'; V. stirring shaft; 
d d d, stirring arms; U, loose pulley; F, driving imllcy; 
O (i, hearings of the stirring shaft; II, discharge |)ii>e for 
condensed water and mash; J, pressure gage; A', vacuum 
gag('; L, safety valve; ,1/, pipe for the admission of 
malt; vi, valve for .1/; N, valve for the admission <d' air; 
O, pipe to the condenser; P, ]npe for the admi.ssion of 
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water; a, pipes I'or tlie intrcxluetioii of steam. For the 
reasons given above, tlie apparatus was unsatisfactory; 
tlierefore TIenze determijied to attempt tlie steaming of 
]iotatoes without meeltauieal power in the si>eeially-eon- 
strueted steamei’ which now heais his name. Since lS7d, 
when it was first discussed at tlie general assembly of 
the Association of (ilerman Spirit i\ranufaeturers, this 
device lias come into almost universal employment; only 
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here and there is some other apiiaratus to be found in 
a distillery, and then for special reasons only. 'PIk' ad¬ 
vantages of the use of high pi essure over the old pi'oeesses 
are substantially as follows: 

First, the old method, incomplete and meelianieally 
poor in arrangement, has been replaced by a simpler 
jn’oeess, which is based on scientific ])rinciples and is 
te<‘hnically well elaborated. 

Secondly, with the old ^iroeess, under favorable eir- 
eumstances, 5 ])er cent, though usually 7'/;. to 1.0 per cent. 
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of tlie staroli of potatoos and 10 to 12 per cent of tlial of 
tlu' eeroals, remained uiidissolved. With tlu: emj)lo\ inent 
of liif>h i)ressure, it ean 1)0 said that ])raoti<'any all of the 
staroli is dissolved if tli(‘ o|)cration is ])ro])erly eondu led 
;ind the raw materials used are suitable and well pre¬ 
pared. 

3 .—High-Pressure Apparatus. 

A. The Oltlcr 

'flic older systems of this eharaeO'r, amone- whieh those 
of llolletreuud and llohm deserve espeeial mention, aie 
to-d;iv no longer used in distillation, 'file modern, i)er- 
feeted const ruction, which is now used in ]iraetieally every 
distillery employing high-pressure api)aratus, is that 
e\’olved by Henze and, in contrast, to the older a])i)aratus, 
it possesses the advantages of eheai)uess, simplicity, and 
great capacity. 

/>. 77/e JI (lice SIcdllK r. 

n. The A) ran<ic>iicnt of lli<: Ih'nzo Appauitus. 

'fhe steamer used by Henze himself when he first de¬ 
vised his system consisted of an ohl boiler set uii on end 
and [irovided inteiioi-l\ with a conical wooden bottom. 
In its present construction it is either purely conical in 
form, or possesst's an up|)r‘i' eyllndrii'al part to which is 
attached a lower conical j/art. In lh(‘ distillery at 
Moekau, (i('rmany, lliis eonstruetion w;is em])lo>ed ;is 
(■ally as the spring of 1.^/2 by (ionlai<l, and was built 
in aeeordanee with data given by Ibnize binis(*ll. Among 
tlu‘ maehiiu' manufaeturms, 11. Hauekseh, of Laudsberg, 
(icrmany, ai»|)ears to hav'e been the lirst to (‘oustiuet a 
steamer with a conical lower section, and the lirst appa¬ 
ratus built by this manufacturer was erected in the distil- 
](>ry of Riirwalde-Nemnark. Later raucksch constructed 
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tlie apjiaratus of conical fonn, and this was patented in 
187S. As this form lias shown itself to be effective as 
far as the distribution of the steam is concerned, the 
Jlenze ajiiiaratus which w'ere constructed after this a])- 

jiroached tile nearly conical 
form as far as ])ossible. It 
is possible, liowever, to carry 
this construction too far, for 
it is, of coarse, necessary to 
make this tyjie much longer 
than the partly <*ylindrical 
form to obtain eipial capacity 
and, therefore, th(> heijjcht of 
the steamm' may easily be¬ 
come such that the apiiaratns 
cannot be set u]) in the dis¬ 
tillery without gri'at dilTi- 
culty. ( Vuiseipienlly, the very 
2 )ointed construction has late¬ 
ly been abandon<>d to a cer¬ 
tain extent, 17 illustrates 
the latest form of llenzi* ap¬ 
paratus as constructed by 
IJ. Paucksch, (Jennany. 

d'he Henze apjiaratus (‘om- 
jirises a number of jiarts 
Avhich arc' absolutely essen¬ 
tial for its o}K'ration. 'riiese 
include' a steam inlet jhpe at 
the upper part of the hody to steam the contents from 
ahove, and a similar jiijie at the lower jiart of the body to 
steam from below, a cock at the lower part of the cone to 
draw off the condensed and natural water, a manhole at the 
top for charging? with raw material, a safety valve, and a 
Tilow-out iiipe at the lower part of the cone. The blow-out 
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BoTie.M. 










120 


INDUSTKIAL ALCOHOL 


pij)e lias a sliarp-odgod grate or valve for breaking up the 
contents as tlie mass is blown out. The cone wall is pro¬ 
vided with an opeiiing for the removal of stones and other 
foreign bodies, and on the upper pait of the body are 
mounted a ])iessure gage and an air cock. 

h. The Operatwn of the Henze Apparatus. 

Stranihiff PoitiineH lJuder Nortnal ('oiitlifunts .—Before 
beginning to steam, the body of the api)a)’atns must be 
filled somc'what above tin; usual height with waters ajul 
tlic i)ressni'e must be raised to (he higlu-st ])ermissible 
])oiut. 'flu* manhole of tlu; sleanun-, which lias bemi lilled 
with potatoes, is then closi'd, (be ujiper air cock and tlu* 
outh't cock for the natural Avater are opened, and steam 
is allowed to enter the vessel through the ujiper inh't ]>ipe. 
As soon as steam esca])es from the upper air cock tlie 
latter' is closed; water' now Hows still more frr'ely from the 
natural water' cock, and .as soon as tire potatoes ha\'(* been 
heated through to the bottom of the apparatus, steam 
and the air r'crnairrirrg irr tho vessel also esea]ie from tliis 
ojreiring. The water- cock is irow closed, though it may 
be opened trairporarily from time to time to withdraw tho 
natural and cond(*rised water, rrsrral with concentrated 
mashes arrd with jiotatoes jioor' in star'ch, and steam is 
allowed to flow thi'oirgh the irpiier steam inlet pii>f' until a 
pressure of 114 to 2 atniosphercs has been reached. To 
avoid star'clr losses, the arniriotic and conderrsed water last 
witlidr'awn fr'orn the airfiaratrrs is allowed to I'rrn into 
the irreparatoiy rnasli vat. The upper steairn valve is 
now closed, and tlu> steam is peranitted to enter' through 
the lower inlet ])i))e rirrtil a pr'essur'o of d atmosiiher'cs is 
reached. After standing at tills pressure for It) or l.'i 
minutes, the apiuaratus is blown out, the lower steam inlet 
being closed, wliile the ujiper inlet and the blow-out a m Ives 
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arc oiieiicd. The blovvinf>- out must luuler all eireuiii- 
staiiees take i)laee at the highest i>ressure, that is, ;j to 4 
atuK)S])horcs, so that the 2>otato mass may ho thofoufu'lily 
broken uj). 'I’lie rapidily ot the hlowiii.n' out depends 
u])on the ellfieieney of thi' niashiiif;: vat, especially ui)on 
Ihe cooling. In general, the blowing out should last 43 
to 30 minutes. Sti'aniing and blowing out together re- 
<inire about two lionis. It is advisable to regulate the 
])ressuie so that tlie safety \alv(; blows off steam con¬ 
stantly, though slightly, during the entire o))eration. This 
should always b(! the <'ase if the potatoes are vm-y rich in 
starch, for they are then ke)4 in eon.stant motion and 
become disintegrat(»d more raiiidly. 

SIcdiiiiiii/ Poldhjfs Pspccidlli/ liicli ill Stdrch. —In 
ste;nning iiolatoes very rich in starch, it generally hap¬ 
pens that the disintegration can be accomplished only 
when (-ertain rub's are observc'd. h^or one thing, the nat¬ 
ural watc'r should not Ik' draiiu'd off too freely. It is 
adx'isable at first to steam rapidly from abovi' with the 
natural water cock op<‘n until the sti'amer has become 
lu'ated through IVom above to about the middle i)oint, 
some fifteen minutes being net'cssary for this to take 
[)lace. 4'h(> natural water cock is then closed and steam 
is jiermitted to enti'r the apiiaralus frcvni bc'low slowly, 
until Ihe pressure' inci'eases to .‘1 or .‘It ^ atmospln'ii's. 'flu' 
I’emaimh'r of ojx'ialion is conducted as described above. 

Sii'diniiip Frozen or Wet-ltolle<l Foldloes. -- Wroixi dif- 
ficidty is ofte'ii encountered in the eompb'te disintegration 
of frozen or w'ot-rotted potatoes. 'Pin' cause of this is 
tlu! fact that such ])otalocs in ste'aming beconu; soft and 
aggregate, and conseepiently are insiiflicie'iitly ae'ted njion 
tlironghont by the ste'am. The higher the |)ressure and 
tlu' greater the lapidily with which the ope'iation is carrii'd 
out, the gre'ater become the difticnlties. It is advisable to 
begin steaming very slowly, and to ])(‘rmit llu' steam to 
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How througli tlio apparatus for about one liour with open 
outlet valves; subse(|uenlly, the oiieration may be con¬ 
ducted at liigber pressure, uj) to atnios])beres, for about 
lialf an hour. Despite all care, it nevertlieless often hap- 
])ens that large masses of the contents are not sufficiently 
disintegrated. H’bis becomes apparent during the blow¬ 
ing out by the appearance of steam, now and then, instead 
of the ]iolato mass, or by the decided crackling which 
can be lieard at the outlet valve. Under these circum¬ 
stances, it is advisable to allow steam to enter the ajipa- 
ratus while the blowing out is taking ]ilace. I^lven if tlio 
steaming is protracted by this, the losses will be found 
to be smalliM- in the end. 

c. Proportions of the Henze Apparatus. 

Dor each hundredweight of ]iotatoes rich in starch, a 
cajiacity e(pli^■alent to IS gallons is nei'i'ssary in the Henze 
ajiparatus, whih' for potatoes jioor in starc'h a capacity of 
20 gallons is reipiisite. A lienze capacity of 28 to HO gal- 


TABLE FOR ESTIMATTNCJ THE NECESSARY VOLUME OF THE IIENZK APPA¬ 
RATUS, USING AS BASIS THE <iUANTITY OF POTATOES RE¬ 
QUISITE FOR A AlASHl.N(i CAPACITY OF 25 GALLONS. 


g M Starch Content 
3® of the 

r Potatoes 

Necessary quantity, In pounds, of 
potatoes for each 35 t;'allons of 
maphinff capacity to obtain a mash 
of 24“^ by saccharoinetcr 

0 _ Starch content > 
3 <S Of the 

r* ■’ potatoes | 

, Necessary capacity. In gallons, of 
Henze apparatus fur each 25 

Ions of mashing! capacity. 

Without vat 
coolinfr and re- 
movarof busks 

With vat cool¬ 
ing! and removal 
of husks 

AYithout vat 1 
cooliDK and re¬ 
moval of huoks 

1 With vat cool¬ 
ing! and removal 
of husks. 

ifi 

47.(1 

.71 .0 

16 

41 .8 

4 1.8 

IS 

42.1! 

45.;i 

IH 

87.2 

89.8 

20 

88.1 

40.7 

20 

88..5 

:40.8 

22 

81.6 

87.0 

22 

:k).4 

32.0 

21 

81.7 

81.0 

24 

27.9 

21). 0 
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Ions, or 25 gallons of masliing capacity, are necessary for 
inaslies of 20° by the saccliaroineter, \vliil<> a capacity nj> 
to 42 gallons is re(|uisite for concentrafc'd inasln's of 24° to 
2()°, wliero the mashing ca]iacity is more etHicienlly utilized 
thiongh the removal of husks and the diminution of the 

vacaiit sjjaco above tlie 
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wol f by means of movable 
\’at cooling. 

'flic Ibnize steanu'r is 
not free' from the danger 
of ('xplosion due to the 
high |)iessure, and it comes 
under legal classification 
with steam drums and sim¬ 
ilar <levic(>s with ri'gard to 
its an angenHuit and oiiera- 
lion, and accordingly, it 
must b(‘ ])(>riodically exam¬ 
ined hy (|ualilied ('\|)erts. 
An e\'cr-]irescnt dang(*r in 
this apparatus is that due 
to rust formed by water 
drip|iing from valves and 
by tin* condensing sti'am. 
'I'his rust frequently ]ieno- 
trates deeply into tin* met¬ 
al, and may cause a weak¬ 


ening to which can subseriuently be ascribed a disastrous 
explosion. Sometimes tin* apparatus is iiu'ased in non-con- 
ilncting material to iircvent loss of heal, and while this may 
be of \'alue in the saving of fuel, it renders the surtacc' ot 
the apjiaratus difficult to inspect, and it remlily collects 
moisture which may cause rusting. A moist covering is not 
onlv a good conductor of heat, but it is tnrthermori' a di¬ 
rect consnnn'r of heat, as the water it absorbs must be 
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eliminate this source of danger. An efficient construction 
is tluit illustrated in Fig. 18, wliieli is the closure de¬ 
signed hy Wagnc)'. 'rii(> cover is constructed (uitirely 
of cast steel, iind has a diameter of opening of Id inches. 

A new German design is that illustrated in Gig. ID. It 
differs from the usual construciions in that the closure, 
as well as the enlirc u])per wall, is arched inwardly. 
'I’his construction not only eliminates losses of material 
in charging the steamer, but also effects a perfect 
closure, for the locking cone, which, as shown in the eu- 
g)a\’ing, is formed of cast steel, is forced against the lid 
by nu'aus of the ])ressur(‘ witbin the Henze apjiaratus. 
'Ibis (h'sign iti'actially rcuiders impossible an cxjilosion at 
the manhole closure. 

4 .—The Devices Used With the Henze Steamer. 

A. The E fitaustcr. 

D'lie steamed mass in the Ilonze apparatus is forced 
into tl'i ])reparatory mash vat or loir*-mashing vat by tiu* 
blowing'Out operation, and as it is at high temiierature, 
it must be cooled before it comes into contact with the 
malt, for otherwise the diastase of the* latter would be 
destroyed. In the older forms of the Henze st(>amer it 
was necessary to blow* out vi'iy slowly, at the same time 
stirring the mash in the preparatory mash vat energetic¬ 
ally, in order to avoid a rise in tcmpi'raturc to the jioint 
w*here the destruction of the diastase began. However, 
this imrpose w’as not fully aci'omplished, as at and around 
the point where the lihwvn-out mass came into contact w'itli 
the mash, ovi'rheating and conseipicnt destruction of the 
diastase could not be avoided. .\s a ic'sult of this, the 
introduction of the lli'uze a]»i)aratus ni'cessitated the use 
of greater quantities of malt. In this connection the in- 
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troduotion of the steaoi jet e.xliaustcr, first constructed by 
Av('iiarius Bi’otliers of Ilerliu, was an important forward 
step. Tlie blow-out pipe of tlie steainer is located at a 
])oint o to d'/o feet above the ]n'epatatory mash vat in a 
funnel. Above the blow-out pipe, which is pointed down- 
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ward, is located the steam jet evhau.stcr. The aelion of 
this device is bas(“d upon (he prinei[)le that a steam jet 
conducted tliroufili a narrow piiK', on enteriti.o: a wider 
])i])e carries alon^ air with it from tin' suri'oundins s])ac(‘, 
whereby a rarefaction is formed into which air is con- 
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stantly drawii. The exliaiistei- draws a strong curi-eiit of 
air througii the funnel connler to tlie ])olato mass in the 
blow-out iiipe, and tlierehy (dfeets a thoi'onf>li cooling ami 
insures the success of the operation, d'he efli(‘iency of the 
exhauster increases with the height at which it is placed 
above' the pre])aratory niasli vat, as the steamed mass can 
thus fall fartlier through the comi)aratively cold air. 
However, wlien th(‘ e.xhauster is iilaeed li fi‘et above the 
A'at, the funnel pilie so(»n heeonies inerusted with a thick 
layer of the steamed mass, from which lumps from time 
to time fall into the vat. M'hese dissolve with ditheult>'. 
It is not easy to eh'aji th(> inerusted funnel pipe, and tlie 
opi-ration consumes eonsiderahle time. I’lierefoir; the ex¬ 
hauster is geneially i)laee<l about 14 inches above the 
mash vat, and th(» mouth of tin* fm\nel iiiiie is given such 
dimensions that the steamed mass in passing through does 
not touch its side's. 

h^or many ye'ars past, probably no Henze apt>aratus has 
hee'ii eonstrnet('d without this arrangement ol blow-out 
pipe, fuinu'l and stc'am ,i('t ('xhausit'r; hut lately there has 
lieen a tendency to abandon the ('xhanster, and this is 
elonhth'Ss due to the' ree'cnt advance's in the' e'eensti’ue'tion eel 
the' aiepaiatus. It emist he' aelmitteel th;it the' ele'vie'e' is 
ne'itlu'r e'h'an neer e'asily e'h'aneel; eerganisms injurieeus tee 
fe'i'me nt.'itieen e'asily aiise in the' iieit.de) mass e'linging te) 
the' sieh's e>f the' funne'l, anel tlu'Se' hiter e'lite'i’ the' mash 
anel thei e' the'V e'an ne) leenge'r he ek'streeye'el. h urthe'rmetie', 
it seeme'times hapjee'iis that the' hleewn-end mass seelieiitie's 
te) a lieernv ])aste' while' passing thieeugh the' hle)W eeut pipe 
anel funnel, anel this jiaste' is elisseelve'el with gie'at eiil- 
lie'ulty in the' ]ii'e'pai'aleu y mash vat. 'I'lie' e'xhauster was 
indispeeisahle* as leeng as the stilling eh vie'c eil tlie' iene'- 
inashing vat was lupie'ife'e'te'el anel the' ])eissihility eel leie'ai 
eive'i'he'ating re'inaine'el. Ileiwever, with the pe'ilee'te'el anel 
powerful mashing apparatus ot tei-elay, toge'ther with et 
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fective water cooling in the ])repuiatory vat, the danger 
ot ovcrlK'ating is no longer so great, and thus a good dis¬ 
tribution of the i)otato mass is effected in the newer ap¬ 
paratus, thereby avoiding the aggregation of the masses 
in the prei)aiatoi’y mash vat. In tlie modern aiiparatus 
the funnel and tlie steam jet exhauster are itrimarily used 
for the still necessary removal of the steam. Johann 
llamiiel of Dresden, with his fore-mashing vat, proved to 
be a pioneer in the methods of construction based upon 
this’consideration. It is to be noted 
that cooling by means of th(' ex¬ 
hauster yields mashes of greater 
concentration; in cooling with water 
more steam is condensed in the 
mashing vat and the mash is thin¬ 
ner. 

/)’. TIu’ lU(>}r-()Hf Dcvircs of the 
Henze S/eonier. 

The softened potato mass is 
broken u)) by Ix'ing blown against 
the sharp cutting and tearing (ulges 
of the valve, IIk' high j>rcssure ex¬ 
erting itself explosively in the mass. 
In the first type of Henze apparatus 
an ordinary cock with a round o])ening was utilized, but 
it was soon found that the breaking up was incomplete 
with this foi'iii, and so the round opening was discarded 
for a sharp-edged slot. After this the cock ariangement 
was abandoned entirely and valv(>s were intioduced whi<‘h 
wei'e ])rovided with sharp edges and corners, fi’he first 
Avenarius valve must be consid(U'e<l the pattern tor this 
type of valve. Other apimratus was subseciueutly de¬ 
signed which had a still greater cutting and tearing ac¬ 
tion. Among the lattei' the .Scheibner comminuting valve, 
illustrated in Fig. 21, was the earliest. 
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M'ith hoalthy i^jlatoos IIidsd davici's pftV'ct <lioir 
|)m ])os(' (‘xcelk'iitly; but it has Ixnai i'ouiul iu'c(‘ssary to 
jii'o\’i<l(‘ sjxH'ial <'oiinninutiiif>' a|>i)liaac(‘S in the blow-oat 
])i)X' or x’alx'o ia addition to tlx' rcynl;ir sbar])-(‘dii('d valve 
o]X‘aiay, for diseascxl jxilatoes. and above all, foi' working 
corn a?td otluM' grains wbieb ar<‘ sol’tcaxxl with greater 
diffienlfy and aiv disinlegiated less eoinpUdely than pota 
toes, in the llenze appfiratns. Tlie [!ar1el blow-ont pipe 
nia>' Ix' nientionerl as an exain])le of these devices, d’he 
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appliaiH'e, as shown in h’ig. 22. is inonnted at a ehainber 
seeiiHxl to th(‘steamer and is separated from this ehainber 
b.\ means of a grating r, for tli(‘ purpose of retaining 
stones and othei' foreign bodic'S. 'I’be blow-ont pi|X' 
]irop< I is pi<)\ ided with a nnmlx'r of studs or projections 
//, ai ranged in spirals and nsnall>' 1 went> -se\’en in num¬ 
ber. 'Phe masn foreixl through th(> pipe is thrown ixnvm'' 
fidly against these sharp-edged studs and is thereby finely 
comminuted. 

It imiy be said that if goixl raw materials are used and 
these ar(' steamed properlx' and with due attention to all 
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tlio affpctiiij'' coTulitions, tln'Te is little Tieeessity for 
spoc'ial hloAviiia'-oTit (l(‘vi<‘(.s if tlio oiTliiiaiy valve is iTiop- 
eily eoiistrucMeti with ihfeetive eultiiig' e<lf>'es. 3'licse 
speeial appliances, liowe\-ei-, will he foimd of i>i(‘at \’alue 
if the t'aw salistaiice is jHioe or if the inateiial worked 
is corn ot- otlier .araiti. It has been found ,i>'ood prac- 
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tice to placi- a f>'rjOin.n' Iti the hlow-out pipe; which will 
liold ha<'k stones and otluu' lart’c impurities and is also 
useful as an aid in tin' comminution of the stciimed mass. 
However, hetween the f^ratin.ti: and tlic v;dv(‘ there nuTst 
he ])rovid('d a steam cock and a handu)i)eninj>' larjrje 
enough to pTUinit th(> removal of ohstructions due to the 
collecting of inpiurities. In Fig. '13 is illustrnte<l a (hu- 
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mail tyiKi of lilow-ouf val\’c witli a icmovabk- gratiiiK, 
constnietwl by A. WagciUM'. 

(". J/cs/i Mills. 

'^I’o a,ssist in IIh* complete coimninntion of the steamed 
mass, mash mills ha\’e been installed in flic ]ireparatoiv 
mash vats in certain types of construction. For this imr- 
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pose the pnl|)er of iiajier niannfactiin* was lirst used by 
X'cnuleth ami Mlleiihmgi'r, while \'iclor l.wowski piAc 
\idcd a centrifugal mash mill at the lowest point oJ' the 
pri'paratory mash vat. d'hest' (h‘\ ices art' no longm' asail- 
ahle willi nuxlern methods of ipieration, as their capa¬ 
cities in working concentrated mashes are nncipial to the 
demands placed upon them. 

I’lu' mash mill whicli still enjoys the' widest utilization 
is that of Ifohm which, unlike that of Lwowski, is iilacixl 
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not in but nntsido of tbo fovo-inasliing- A'at. Tt draws the 
niasli from the low(>st i)art of the vat and returns it to 
the upixM'. It can lie roeoinniended as an aid to the ojiera- 
tion ol' ))oor inasJiing' aiiparatiis only. As tlie steaming 
operation fo-day is a viny eoni])let(‘ one, and as ineflieiont 
appaiatns shoidcl no longer (exist, tlnese mills ai'e seldom 
used in potato distilleries, though less iid're(|nently in 
idants utilizing grain. Fig. 24 rcjiresents llohm’s mash 
mill. 

II_STEAMING CORN, GRAIN, AND OTHER RAW 

MATERIALS. 

While the natnrnl moisture of potatoes is quite suf- 
fieiont for the disintegration of the starch which they con¬ 
tain, farinaceous gr.ain like corn and other cereals must 
he iiro\ided with additional water during steanung in 
order to supply the necessary moisture' for the ge'latiniza- 
tion and dissolving of their starch, as these law ma- 
t('ri,'ds contain about tit) per cent of stare'h to but 1.‘! to 
15 )ier cent of water. 'The addition of the water |iresents 
one of the diffieult features of the Avorking <d' corn and 
other starchy grains. We shall see that si>eeial consider¬ 
ations must be taken into account in this regard. 

A. \\ ork u!() Cant hi/ flu' Oh! Mclhod IT Uhout 
Hu- A]ii/firiiliiiii of Picssiin-,. 

Corn can be worked without high pressure when it is in 
a Vi'iy finely divided or crusla'd condition oidy. It is 
place(i with tlu' necessary water in the preiiaratory mash 
vat or in a speeiid eorn-eooking \'at provided with a stir¬ 
ring device. About 40 to 45 gallons of water arc' m'ces- 
saiy for ('ach 100 ijounds of corn. "Pile crushed corn is 
slowly jioured into tlu' re(iuisit(' water Avarmed to l.'lo' or 
140 F., with constant movement of the stirring device, 
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t(j avoT't tlu' I'di iiuilioii oi' lumps. AiU'r tills, steam is 
iiitrudueed into the mass, wlueli is eoiistantly stirred, so 
that th(' tempeiature' rises to l!)-t to 2(i;!' h’. It has heeii 
I'omid usei'ul to add about 1 per e(‘ut of erushed malt to 
the watei’ herort' the bulk ol' tlu' fi'iain is iutrodueed, to 
H'iN'e a less feiiaeious mass. larji,'e part of the ,i>'elati)i- 

ized starch becomes more tluid. if the heating is earel'ully 
e\eeuted, hei-ause of the added malt; sugar, dextrin, 
and other combinations result. 1 >n’ this means a mobile 
mass, not easily aggregated, is obtainerl and the cooling 
of this mass can be (d'feeted rapidly and eb(‘a|ily. "I’lie 
stirring appaiatus is ki-pt in constant operation and thus 
lh(> mass becomes steeped through and thi'ough sboitly 
atter the grain is poured iido the water, ^\'ben the mass 
becomes stee|ied it diffuses a peculiar aromatic odor. 'I’he 
solteiied giain is cooled by the adilition of walin' oi' ]ii'efer- 
ably l)y means of suitable cooling appliances. .Vfter the 
cooling, the malt, which is doughed-in with times the 

cpiantitN' of cold wati-r, may be added, the mixture being 
agai I thoroughly stirred. After this tlu' \'at is covered 
and M e mass is allowed to stand the? pro|)er length of 
lime for saeeharization. 

It is adx'isable to begin thi' cooling after the mass has 
stood at the cooking tem]ieratnre for an hour or an hour 
and a half, 't he temperaluri* is lowered to the ])ro]H>r 
point for mashing and tlu' malt for this purpose is then 
adiled. 'fhe i|uanlity of malt added for the sugar for¬ 
mation should be at h'ast T.o ])er cent of tlm whole, though 
for aeti^■e afler-fei mentation lh(' use of larger ipaantities 
of malt is I'ceoimiunided. In llelgium, where kiln-dried 
malt, is iisualfv' employed, ID pin' eeiil and sometimes 1.') 
per cent of this variety of malt are used. 

d’he yield with this method of operation deiieiuls largely 
ipion the degree of eomminution of the grain. 1 f the grain 
is not Hnely divided it is seldom I'ossible to obtain more 
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than ;> to 3.2 jijallons of alcoliol ])er hundredweight, witli 
very iinedy eoiniiiinuled eoi-n hj; to 3.7 gallons may be 
ju'odueed. d’he tlieoietieally ])ossihle yield cannot be ob¬ 
tained because the corn is inconi])letely disintegrated. 

Corn can be worked with sTd])luirous acid with betti-r 
lesnlls. 'this eliVets a softening of the inter-cellular sub¬ 
stance an<l of the cell walls of the corn grains so that in 
the subsc‘(|uent cooking a more complete gelatinization 
takes jihice; furtheiinore, the diastase can attack the 
starch wdth greater eas(‘ because' tbe cell walls gi\e h'ss 
resistauc('. d’his action of the sulphurous a(‘id, in geiu'ral, 
may bo coinjaired to the dissolving of tbe intcj’-cellular 
substance and the cell walls in the malting process, for 
there is no diffi(‘ulty in rendering the starch of a thor¬ 
oughly dissolved malt available thiough moderate tem- 
])eratures, for the action of the diastas(>. The sid|)lmrous 
acid is used either as free acid in a watery solution, or 
in the form of one of its salts, d'he sul))hnrons acid of 
commerct' which contains about (1 i)er cent of aci<l shoidd 
be used in the ju'oportions of O.d.j to O.'),") gallon I'or e\er>' 
100 ])onnds of corn, with sufficient water to <‘()vei‘ the corn 
to the dei)th of an iiu'h or so. Din ing the stei'ping the 
temiierature must be maintained at about 130 F. The 
coin raih<ll\' and with avidity absoibs the diluted acid, 
so that its starch can afteiward easily be flissohed wIhmi 
the mashing is <-arriod out at a temperaturi' of 1‘rom loS’ 
to 1()7'' F. For the same purpose bisuliihate of soda is 
also used; about 2 jiaits by weight of this should be added 
to each 100 ])arts of corn. Here, too, the steeping pe¬ 
riod at a temperature of 122° F. lasts about eighteen 
hours. In using bisulphate of soda so much sulphuric 
acid or hydrochloric acid must be added that sulphurous 
acid is finally set free from the salt. This released acid 
while being fonned, energetically ai'ts upon the cell walls 
to dissolve the same. Through this use of free suljihur- 
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ous acid, or of sulj)liito of soda, the yield from the corn 
can be incieased to 3.7 or 3.8 galloirs i)er Imndrcdweigiit 
of corn; but the alcohol ))rodu(‘ed is liable to contain free 
sulpliuious acid, and is thus made unavailable for many 
purposes. 

By the trc^alment with suli)huroiis acid tin; corn a(“- 
((uircs a y(‘llow color throughout and is thoroughly st(»e])- 
ed. 'file soft mass, after being placed in iron vats and 
rlilutcd to a ruiuid pidj), is h('at<‘d l)y tlu' introduction of 
.steam to 185“ to 1!)5° F. The mass in each vat is kept in 
cemstant motion by a mechanical stii-rer, the mash being 
allowed to stand in this heated condition for one or two 
hours, during which the swelling of the starch is com¬ 
pleted. ^J’lie necessaiy (|uantiiy of green rnalt, finely 
(‘rushed and doughed-in with cold water, can be added 
■during this “digt'sting” period. 

Finally, there* is still anotlu'r method of utilizing sulph¬ 
urous acid. In this ]U ()cess the corn, uncrushed, is steei)ed 
in an acid solution which contains 2.9 to 3.2 ounces of acid 
for each 100 ])Ounds of corn. After twcilve houi's the 
li(|uid m di'awn off. d'he grains of corn, which can he 
crushed between the fingers like green malt, arc allowed 
to dry, and it reepiires hut a veiy slight ])ressur(* in steam¬ 
ing to convert the corn to a fluid and completely disin- 
tc'gratcd mass. 

B. Working Com Under High Pressure. 

-Ml artificial refinements in the working of corn have 
become unnecessary since it has h(‘en discovered that the 
grains can be completely disintegrated under high jires- 
sure in the ITenze steamer. In this method, which has 
heen developed largely through the researches of Del- 
hriick and his associates, almost the entire starch mass 
undergoes disintegration. Tt is to-day almost universally 
emi)loy('d, though the jirocess varies somewhat in its de- 
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tails ill individual distilleries. The eorn is steamed 
either in the whole i<ijrain or iiartly enislied. Soinetiiiios 
it is also worked as grist in a tinely-divided condition. 

/. ^V(l>h■lllg the Corn in the ^Vh<llc Gram. 

Tn working corn in an iingroiind slate th(> rollowing 
comlitions should he* ohservi'd : 

1. It is necessary to ]irovide the corn with sufficient 
water to steo]) the starch coniphdi'ly. hlxperience lias 
shown that (>ach lOd iioiinds of corn should jnel'erahly he 
w’orked with Hi to lit) gallons of water in tin* IHmizc ap¬ 
paratus; however, it is consid('r«‘d oT advantage by cer¬ 
tain (‘xperts to limit the water as bar as jiossible. d’he 
requisite (|uantity of water is tlrst placcnl in the steamer, 
the lower steam iiihd is o]iened, and steam is introduced 
until the water begins to boil, wherimiion the corn i.s 
slowly ]ioured into the apparatus, ddie latter must pos¬ 
sess a cajiacity of 40 to do gallons for I’ach 100 pounds of 
corn. While it is true that 100 jiounds of corn with the 
necessary quantity of water reijiiire a capacity of but iiO 
to .‘b> gallons, it is also nect'ssary to allow about a third 
of this space for th(> swelling of the grain, for the acc(‘s- 
sion of condensed watm- which naturally cannot be drained 
off, as well as for a certain space requisite in cooking. 

2. d’he distribution of steam in the Ibmze apparatus 
should be as thorough as possible. l\'ith the ohb r forms 
of steamer, sinqile steam inhds are not sufficienllv effect¬ 
ive, and special steam distributors aix' nec(>ssary Fig. 2.1 
shows an cxc(>llent type of this device. Nb) sjiecial steam- 
distributing aiijiaratus is necessary in the modern, conical 
foi'iii of steauK'r. 

.‘k In working corn it should b(> a rub* to maintain tlu^ 
grain in enei getic motion from the beginning to the (md of 
tin* o))eration, so that (‘ach individual grain of corn comes 
into contact with the nec('ssary (|uantities of water and 
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stoaui. To aceoTiiplisli tins, instead of placing first tlu^ 
corn and tJion the water in the a])paratus, tlie operation is 
re\A‘ised, and the water is first introduced and brought 
to tlie boiling ])oint, where¬ 
upon the corn is slowly 
poured into the ai>pai'atus. 

Alter tli(‘ introduction of 
the raw material, st(‘am is 
lierniitted to tlow through 
tile (K‘\ ic(*, the manhole l)e- 
ing l<(*i(t o]ieu for a full 
hour until tlu! grains are 
entirdy softened. llow- 
e\’er, as water and corn are, 
sometimes accid e ii t a 11 y 
thrown out through the 
open manhole, it is of ad- 
■vantage to close the latter 
and to open the cock of 
the tulie located at the up- 
pei- pail of the ap]iaratus, 
so that steam may escape 
Iherethrongh during the 
lemainder of the opera¬ 
tion. 'file cock' shoidd he 
opeiH'd wide enough to 
jiermit. tlu* steam to escajie 
so lajiidly that no increase itjo. 25 .-Tnr T-inM.oKF steam 
of pressure results iii the DisTiuueroR. 

apparatus. 

.\fter one houi- this cock is partly clo.sod, hut only so far 
that a fairly lively flow of steam still escajies through it, 
wdiile at the same time steam is introduced through the 
iidet at the lower ])art of the aiiparatus. so that the mass is 
in constant motion, the pressure incri'asiug to ’2 to 2'h 
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atmospheres. The steam at this pressure is allowed to 
act a})oii the corn for about an hour, with constant escape 
of st(*am and with constant internal movement of the mass. 
Not until tlie second hour has <>lai)sed is the upjx'r steam 
cock entirely closed, and after this for one-cpiarter to onc- 
half hour the ])ressure is maintained at d to 4 almos- 
jihei'es, care heins taken to insure that the safety valve, 
which is set for this ]n'essuie, constantly blows off. By 
tims i)ermittinf'’ the safety valve to blow off the stc'aminfj; 
mass is kej)! in thoiough agitation, and this is an es.sential 
for energetic boiling and comph'te disintegration. 44io 
steamed mass is then blown out at the maximum ])ressurG 
through valves provided with shai’j) cutting and tearing 
tidges. 

4. It is sometimes advisable to steam the corn to a slight 
degree on the day before the working inojier, and to allow 
it to stand over night, in order to dec'rease the working 
])eiiod. In this preliminaiy o]ie7ation, the i)ressure 
should not exceed 2 atmosplaoes. Fnder th(>se circimi- 
stances it is sufficient, on the following ]norning, to biing 
the pressure rajiidly to .4 or 4 atinosjiheres and maintain 
it at this ])oint for a short time. 'l’h(‘ mass may tlam ho 
blown out at once. Tf it is desiied to steep tin' mass oii 
the preceding evening in hoi water in the llenz(‘ ap])ar- 
atus, care should be taken that the temperature do(‘s not 
fall below 122“ F.—the souring o!' acid-forming temixofi- 
ture. 

f). In woi'king coi-n it is unnecessary to provide a s)ie- 
cially consti'ucted blow-out pipe. 'I'he mai7i IVatnre of 
the operation is the blowing out of the aiipaintus inider the 
maximum pressure. Tn blowing out slowly at low pi'cs- 
sure the mass moves sluggishly through the 0 ))en valve, and 
thus forms huge aggT'egated lumps which are not ])ro])(»rly 
comminuted. To increase the force of the blowing out of 
the mass, the ITenze apparatus may be provided w'itb a 
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stoain cock to permit frequent and easy cleansing of the 
valve, 

'I’lie steam-distributing device slioxild be so located that 
the grains of corn are forced upward from tlie cone lo 
avoid tlieir lodging in the ])oint of tlie ap])aralus. It is 
not advisable to ))ermit the pressure to excei'd 4 atmos- 
2 )heres, for at liigliei' ])ressures the sugar in the corn and 
th(> diastase undergo changes which gi\'(“ the mash a brown 
coloration and by which starch is wasted. These are not 
tlie only disadvantages caused by too great jiressure, for if 
the latter is continued fatty ac'ids arc* t'ormed from the fat 
ill tlK' corn, and these acids are d('comi)Osed at high b'lu- 
l)crature to form products which give an unjileasant odor 
to tlie resulting alcohol. 

2. The WorTcing of drist. 

While it is conceded that working the corn in the entire 
giain is a hotter j)roc(‘ss than vvoiking the material in a 
finely-dividerl condition under low jnessure, it is neverthe¬ 
less rc ‘'ognized that the lirst method has ccilain disad- 
\antagi'-. These are, jirineipally, that tlie operation is of 
long duration, that it re<|uires high i»ressure, and in eon- 
se(|uenee, is exiiensive. Under high pri'ssure carbohy¬ 
drates capable of fermentation ari* liberated, and it is even 
))ossibh> that deconqiosition ^iroduels result which aie di¬ 
rectly iTijurious to fermcmiation. h'urthermore, the alco¬ 
hol produced by this method often leaves much to be de¬ 
sired with regard to fineness and purity. It is sometimes 
also claimed that corn steametl under high 2 )rcssuro re- 
(juii(>s a, larger space above the wort than if it is w'orked 
as grist at low iiressure. And finally, it is said that the 
wasli resulting from the high-pressure method is less 
suitable for fodder and ])ossesses less nourishment than 
that ]iroduced by the second method. 

For these reasons a more suitable method of working 
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lias been sought by many investigators, and to find this 
it iias been neeessaiy to revert to working gi-onnd corn 
under low jiressure. It was shown by tbe investigations 
of Delbriiek tliat in tliis method ol' working it is neei’ssary, 
above all, to prevcuit the grist, which is [ilaced in hot 
water, from aggregating and forming luni|is. 'fins can 
be accomiilished by pei'mitling (he grist to run into the 
boiling water in a very fine stream, with constant slii'ring 
of the mass liy means of an ordinary wooden oar or stiri i'r. 
It is of greatcM’ ad\'antage to provi(h> the 1 tenze ajiparatus 
with a jiowerful stirring device, which, at tbe beginning 
of the operation, should be constantly o])erated. After 
this the mass is cooked for an hour, as usual, without ])res- 
sure; it is then rajiidly raised fo thc' maximum pressure of 
M atmos]iheres, and blown ont in the custoniaiy manner. 

Tn detail the operation is conducted as follows: 

For each 100 jiounds of grist IS to "A! gallons of xvater, 
at a temperature of 131“ to 140” h'., are introduced into 
tile steamer. The stirring aiiparatus is set in motion, and 
the grist is slowly poured into the apparatus. After nearly 
half of the grist has been introduced, about 1 to I'-j per 
cent of ground malt or crushed gremi malt is thrown into 
the apparatus, and the remaining half of tfie grist is thi'u 
added. TIh* contents of the apparatus are now heated to 
the cooking tetn]>eratnre in about 20 minnt<*s. 4’he 
steanu'r is closed, and the ])ressui’e is gradually raised, so 
than in 20 minutes it is 1 atmosiihere, in 40 minute's 2 at- 
mosfiheres, and in 1 hour 3 atmos]iheres. fidie mass is 
allowed to stand at the maximum ^iressure for about 10 
minutes, and is then blown ont. Tf the' grist is less finely 
ground, tbe steaming process should last somew'hat longer. 
According to Foth,4..5 to 4.0 gallons ]>er 100 ^Kmiids of corn 
are obhiined with this method of o^ieration in Ih'lginm, 
where 15 ^lef cent of kiln-dried malt is generally emiiloyeel. 

Tn this way it is possible to obtain thoroughly disin- 
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t(‘gratcd masliGS from corn in Hie unbroken grain, as well 
as from ground corn, by means of the Jlenze apparatus. 
But the attending disadvantage that very concentrated 
masbi's cannot be i)roduced, bec^omes an important factor 
in countries wliere taxation on the basis of tbe mashing 
<‘a])acity obtains. Under such circumstances, when it is 
ni'ccssary to use concciiitrated mashes, it is liardly advis¬ 
able to use the Henze a])paiatus for working corn. Ac¬ 
cording to Wittelshiifer, horizontal steamers are better 
suited for working grist. .'ii)i)aratus of tliis character is 
largely used in Belgian distilleries. It. is less difficult to 
provide horizontal steamers with powerful stirring de- 
■,-iecs such as that of tlu' llollefrcund aiiparatus. With the 
agitation produced in su(‘h ap])aratus the (juautity of water 
to b(« added can be so limited that it is unnecessary to use 
more than 12 gallons of watei ])er 100 i)ounds of corn, 
while in the Henze steamer 14 gallons of water on an avci- 
age are necessary for tlH> same (juantity of grain. Uur- 
thcrmorc, in case of internpition or when rei>airing or 
ch ansing is ncc('ssarv, a horizontal steamer is more easily 
gotten at and <‘an be controlled with h'ss difficulty. In 
devices of this kind, the grist is tirst steamed slowly with 
constant stirring; the jircssurc is then ra))idly increased 
to 2 or :> atmosiiheres, and is maintaiiu'd at this point for 
a short time only, so that the entire operation from the 
closing of the sti'anuu’ to the end, do('s not last longer than 
an hour. In this ai)paratus, thorough steam distribution 
and a jiowerfrd stirring device arc, of course, necessary, 
'flic horizontal steamer is to be recommended for use in 
distilleries wIkut' tlu* boilers are not (h sigTH'd lor the high 
pressur(( necessary wlam steaming corn in the unbroken 
grain. 

C. Work'Dif/ Corn icillt Stroiifi Miiicidl Ariils. 

.\s is well known, starcb can b(* conxau'ted into fennent- 
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able su^ar liy eookiiig with stronfj,- acids, such as sulphui-ic 
or hydi'ochloric acid. In warm countries, where tlu; })rei)- 
aration of malt ])resents difficulties, this method ot work¬ 
ing the grain has liecn introduci'd sucer'ssl'ully. For the 
purposes of this operation strong horizontal hoihos oi‘ 
sheet copper ar(‘ employed. The (*orn is ground, and the 
finer the resniting meal, the shorter will he the time re- 
<iuiicd t'oi‘ the iiction of the acid. For each 100 parts hy 
weight of meal or grist 400 parts of water are placed in 
the boiler, and 7 to S iiarts of sul|)huric acid of 10' to l.T’ 
Be. are added if the corn is finely grouiul, or S to 10 parts 
of acid if the comminution is less thorough. The mass is 
steamed for 6 or S hours at a |)r(ssnr(‘ of 2 to i! ;itmos- 
])heres, with constant movement of a ]iowerful stirring 
a])paiatus; the Jiiash which has accjiiired a brown colora¬ 
tion is cooled to tlu* fermenting temperature, and the I'l'ce 
acid is then carefully neutraliz(>d hy the addition of milk 
of linu* or whitiiig, so-that the mash still retaiTis a weak 
Init distinct ac'id reaction, d'he yield with this nu'thod is 
not as low as miglit ln‘ e\i)ecl(‘d, I'ot' it is possible to ob¬ 
tain .'>.2 to .‘>.S gallons of alcohol per hundredweight of 
coi n. 

()f couisc, the s])ent wash from this o|H'ration is useless 
as fodder, for it contains large (piantities of lime salts. 
To overcome this def(*ct, how(>ver, the ))ro<'css has lu'cn 
modified by saccharizing the corn with hydroHuoric acid. 
The acid is neutralized with milk of linu' and chalk so 
that it contains le.ss than a gramme of acid per litei-, and 
hy means of filter ])resses is then sei)arated into wort and 
cakes. The former enters iido sound fermentation with¬ 
out yeast, and after tin* cak(‘s have htHUi leached again 
with water and pressed they fonn valuahh’ fodder. .\c- 
cording to a method used largely in France, .1 parts 
hy w(“ight of hydrot'hloric acid to 100 parts ot corn are 
sufficient, and 2.4 gallons of alcohol and 7 to 8 i)ounds of 
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coirii)resse(l yeast can be obtained from eacli 100 iiounds 
of corn. 

After the mash has 1)cen ])laced in tlie fermenting- vats, 
it is mixed with masli of tlie previous day's operation. 
jIs this is in full i'ermentatiou, it iuduees fenmmtation 
lapidly in the new masli, and tlie excited fermentation is 
comjilete in l’ to 2' - days. 

1). WoikiiKj Coni hi) Mi'diis of Compreaficd Air. 

This is a process patented by .Mandt'l, and ('xperiments 
which have been made witli it are elainK'd to havi' given 
satisfactory results. TIk' color of the resulting mash 
was not brown, but nearly white, and this showi.'d that 
]iiaetically no sugar had heeii lost by earamelization, and 
that, tlie starch was more completely disintegrated than 
by other means. I'impyrmimatie ludduds weri' found 
neithei'in tlu' mash nor in the s|:ent wash. In this process 
the* raw material, (“ventually with the necessary added 
watm-, is heated or steamed to a tempm'ature cori-espond- 
ing t(' th(> pressure of the atmosphere. It is then sub- 
Ji'cted, i>>' means of compressed air, to a ]uessure of 4 to 
5 atmospluM-es. and is then blown out. During the process, 
and while the raw uiiiterial is being blown out, it is ke])t 
near the boiling tcnpieraturc by the introduction .of steam, 
or by heating the air during compression to about 2311° 
D. d’lie ]»roc(\ss has Ik'cu modified so that the corn in a 
finelyauushed state is workeil for 2 hours in a lleirzi' a]i- 
paratus, which is jn-ovided w’ith a special dc'viee for dis¬ 
tributing the steam under a ju'essure of 1 to li at¬ 
mospheres. Snbs('(|uently, the air pressure is introduced 
by means of a compression |iunii). 

E. WorJ^htu Miilfrd Coni. 

4’hrough jiropcr germination, the corn is so tbor- 
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ouglily disintegrated that the stareli ean be dissolved and 
saeeliarified, even at low teniperatures, witli eoini)arative 
ease. 'I'lnis, if corn wliieli is to be worked is jiennitted 
to gerniinaie, ami is ernslied or i)ret’erably eoinniinnled 
in eentrifngal mills, and if tlien mashed with water at 
]5.‘).5 ’ to loS b'., |)ractieally the eutii’c (jnantity of stareh 
wbieb it contains is dissolved. 'I’his method has at 
times been used in linngarian corn distilleries, hut with 
fair results f)nly as eonptared with those in more modern 
])roeesses. d’he irndhod possesses the disadvantage that 
during the germination of the corn micro-organisms are 
jiroducfd which are iii.jurious to fermentation, aiid fur¬ 
thermore, ceitain (piantities of starch are consumed 
through r(>si)iration. Therefore, this method has been 
generally abandoned, 

F. Worl;i)ig Mixtures of Potatoes and Corn. 

Tn this method the corn and potatoes are se])arately 
disintegrated, generally in Henze steamers, though some¬ 
times the potatoes are worked in a ilollefrinind or Itohiu 
apparatus, wherein the mass is rendered more fluid by the 
addition of malt. ,\ccording to Delhriick, however, th<! 
raw materials may he worked togethei’ in a llenzc' steamer 
by st(‘aming the corn for a certain ])eriod before the (Ui- 
tire (piantity of ]iotatocs is introduced into tlie ai)])aratus. 
(lenerally, the cone of the steamer is ])arlially tilled with 
potatoes, and u])on this lower lay(*r is i)laced the entire', 
(juantity of coin to he worked. AVater is addl'd at the 
rate of S or 0 gallons for each hundredweight of the 
grain. Steam is then introduced, and the rest of the 
potatoes is placed in the apparatus; after steaming for 1 
to 11 h hours under a jiressure of 4 atmos])heres, the mass 
is blown out of the apparatus. If the potatoes are ]ioor 
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in starch, the grain should ho steejied for 24 hours in hot 
water, having a temperature of at least 122° F. 

G. Working Rye. 

Tlyo is seldom used directly for the purposes of spirit 
manufacture. The whisky produced from rye is almost 
universally used as a beverage or medicine. llye is 
often used in yeast factories because the nitrogen com¬ 
binations wliich it contains are well suited for the nour¬ 
ishment of the yeast, and for this purpose rye rich in 
nitrogen is, naturally, i)roferal)ly employed, 'fhe working 
of rye is similar in many respects to that of corn. It can 
be worked with or without high )u(>ssure in the entire 
grain, as well as in a comminuted state. Before it is used 
the grain must be very carefully cleansed, as an admix¬ 
ture* of impurities not only decreases the proportioii of 
useful material, but also introduces into the mash sub¬ 
stance's which may have an iujuiious e^ffect upon the 
fermentation anel which may seriously affect the purity 
of the product. 

/. IVO/ A ing Crushed Rye at Ordinary Pressure According to the Method 
Employed, in German Grain Whislcoy Distilleries. 

4'ho rye is grounel as finely as possible by means of 
mills, redls, or other aiiparatus suitable for the purjiose, 
and for several hours previously, pre-l'erably on tlie even¬ 
ing of the day before the uiashiug is to be earried out, it 
is iiu|iasleel in the pieparatory mash vat, or if the opera¬ 
tion is plural, in sjiecially-constructed vats, 'fhe steeping 
is effected in cold water, with the addition of 45 to 70 
cubic centimeters of suljdiuric acid of 06° Bi*. to each 100 
I'.ounds of crushed giain, and with constant operation of 
the vat-stirring apjiaratus while the grain is being poured 
into the water. The stirring action must be strong enough 
to insure that the mass will be thoroughly worked 
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tluougliout ami will be uiiironnly steeped. By gelatiiiiza- 
tioii witli aeid the albuuiiiious substances are more tbor- 
oughly dissolved and decomposed, so that tlie mash loses 
its sticky chaiact(n- and becomes more mobile, hi mash¬ 
ing, the gelatinized grain is gradually' brought to the 
saecharizing temperature, 147’ to 101,° h'., with constant 
working of the stirring appaiatus. If corn is being mashed 
with the rye. the mass, to which has been added one- 

third of the total malt, is slowly brought to this tem¬ 

perature, and is maintained at that point for about half 
an hour. After this the ri'st of the malt is added with 
constant stirring, and after tin- accession of the malt the 
tem])erature is again brought to 14i)° k'. jVfter the mass 

has stood foi' another half hour, it is allowed to cool. 

Sometimes the total (|mintity of malt is mhled :it the be¬ 
ginning of the o](eration, the masli being slowly brought 
to the saecharizing tempei'ature, maintained at that point 
for three-(|uarters to one lioui', and tlum cooled. Some¬ 
times the oiieration is so conducted that one-sixth of the 
total (|uantity of malt is retained, and this jiart is not 
intioduced into the mash until the cooling is in i»rogress, 
that is, directly before the yeast is added, 'fliis late 
mhlition of a part of the malt has two advantages- -foam¬ 
ing is avoided on the one hand, and on the other, a strong 
after-fennentation is induced. 4'he latter is due to the 
unweakened state of the diastasi' and to the strong after- 
saccharizing efficacy of the malt. It should he men¬ 
tioned, however, that this ])art of the malt is deinived of 
the disintegrating mid purifying action of the higher 
mashing teirpierature, and thus the purity of the fermenta¬ 
tion, as well as the yield, is injured, especially if the malt 
is of infeiior (juality. Tn every case tlu* remainder of 
the malt must be as finely divided as possible, and if the 
mashing ca])acity is not taxed, it should be converted into 
malt milk, preferably with cold water. 
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2. W'Jrkinff Vncrushed Grain Under High Pressure. 

In tliis method of workinf*', the grain must first he 
('onii)letely eooked and then I'urtlier disintegrat(‘d under 
liig'li jiressure, b<*ing tinallv' blown out of the apparatus 
Lindei' the nia\imin!i pi'essure. About IfO to 2.'! gallons of 
water are jilaef'd in tli<‘ Ilenzi' apparatus for each 100 
jiounds ol’ rye. Tlu' water is Itrought to the hoiliug ])oint, 
and the ryi' is then gra<lually added, while the water is 
ke))! ill (MUistaiit motion by means of intro<lue('(l steam, 
h’irst tln‘ mass is conked with the steam valve open, and 
lor a iieriod of such kmgth that the grains are fully 
softened, d'lu' )>ressurt‘ is now in<M'ease<l, the blow-out 
\'alve remaining open that the mass may continue to he 
agitat(‘d, and the st(>aming is continued uiuh'r these "ondi- 
tions foi'an hour. FinalK', with elostal \alve, the iirc'ssure 
is increased to or 4 atmos]ilieres, a7id is maintained at 
this point I'or a])out half an liour, wluueupon the mass is 
blown out. W ith jiormal r\e the mdhod of working tlie 
giaii unerushed pr<>sents no difficulty; if, howcA'ci', dis¬ 
eased, musty, oi‘ wet r>e is of lU'cessity employed, the 
method deserilied aho\'(‘ is not capid)le of utilization, even 
with high piessuie, as tlu> disintegration is unsatisfactory. 
h’y(> of this kind does not swell siitfieiently during tlie 
cooking previous to th<‘ stcanning, and the gelatinization 
of till' stm-eh is incomplete in conseiimmeo. .According to 
the in\'(>stigations of Delhi'iiek, it would appear advisable 
to steep the rye, prior to the steaming, for a jx'riod of 12 
hours, in water at a temiieratur(7 of 122° F. in a wooden 
x'essel pi'ox’ided with draining ap])aratus. Sul])hurie acid 
should ])(“ added to the water in the proportions of (iOt) 
cubic centimeteis of acid to eac-h lt)0 gallons of water. 
On tlie completion of the peiiod numtioned the acidulated 
water is allowed to drain off. and the rye is then ])laced 
in the Henze apparatus; after the pro})er ipiantity of 
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water lias been added, the mass is cooked with blowing 
safety valves, first for one liour, and then, under heavy 
])ressure, for a second hour, after which it is blown out. 

If there are difficulties in comj.'letely disintegrating the 
rye w'ith the above methods, it is necessary to dry the 
grain before working. This is best accomplished in a 
kiln; in small jilants where such is not available, the grain 
may be dried by spreading it out u})on the boilers. 
With grain which has been thoroughly dried, the jnepara- 
tory steejiing can usually hi* neglected. Kyc worked 
under high jiressure yields inferior spirit. 

3. (Steaming Mixtures of Rye and Potatoes. 

The working of rye and jiotatoes in mixtures is carried 
out in certain distilleries for the ])roduction of ])otable 
spirit, or in case of failure of the potato crops, ddie grain 
is naturally used in an unground state, and is almost 
always worked as described above, with prejiaratoiy 
steeping or preparatory drying. When this oiieralion is 
<-ompleted, the rye and potatoes are together jdaced in the 
Henze a])])aratus, in such fashion that three to four hun¬ 
dredweight of potatoes are first jilaced in the lowin’ part 
of the cone; above these, the rye is introduced, and u])<m 
the latter is jiourcd the remainder of the ])otatoes. With 
this arrangement it is possible during the steaming to 
draw off tlu> condensed and liatural water without loss of 
rye. After the n.atural water is drawn off the steaming 
from below is continued foi’ one to oni* and a balf hours, 
and after the jnessure has been gradually increased to 
3 or 4 atmospheres, the mass is blown out. 

The yield in the wmrking of rs"e with kiln-dried malt 
customary in German grain distilleries is usually about 
3.6 gallons of alcohol ]ier 100 pounds of grist to which 
15 per cent of malt has been added, that is, if the lu’ocess 
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of manufacture is i)roperly conducted. In individual 
plants where greater quantities of malt and tirst-class 
grain are used with a view to improving the taste of the 
wlusky, the yield may be 3.8 gallons or even moi'c. In 
mashing corn with the lye, the yields are almost always 
higher than when rye and malt alone are used. 

Mixtures of wheat or harlev and ])otatoes can be suc¬ 
cessfully worked without crushing the grain if the latter 
is steeped for 12 hours in acidulated water, as described 
above. The mass is placed in the steamers similarly as 
for mixtures of potatoes and lye, and here too the lowest 
layer of ])otatoes is made to seiwe as a sieve through 
which the condensed and natural water drains from the 
layer of grain above. 



PART VII. 

THE HASHING PROCESS AND APPARATUS. 

I.—THE METHODS OF OPERATION. 

1.—The Purpose of Hashing. 

B V stoaining potatoes or grain the starch is gelatin¬ 
ized, or il liigh in'cssLire is u.sed, partially dis¬ 
solved; but neither dissolved, nor, still less, merely 
g( latinizerl stai'ch is eai)al)le of feiinentatioi.. t'onse- 
cpiently, the starch must now undergo an ojieration wluu'e- 
hy it is conA'erted into sugar, a suhstanee which is capahh^ 
of direct fermentation. For this ])urpose malt is added, as 
the diastase of iliis substance converts the starch into sugar 
(maltose) ; this, however, is not directly capable of fer¬ 
mentation, but is transj'onned into fermentable sugar (gly- 
cose) through the enzyme of the yeast. The coiiversion of 
tlie starch iiito sugar is not as smooth a ])ioeess as would 
ai)peai’, nor is the stai'ch converted dir(‘ctly into sugar; 
inteimediate products are first formed in evcuy mash, 
ddiese inttuniediate ])roducts are the dextrins, and these 
also are not directly fernnudable. 'fhe conveision of tlu! 
star<“h into sugar, the saeeharization, is most nearly com- 
l)lete when the greatest possibh' (|nantity of sugar and the 
least i) 0 ssible (luantity of dextrins are fortiied. d’o effect 
the best saeeharization of tin- masb a number of consid¬ 
erations must be given atlcJition. 

2. —Principles to be Considered in Hashing. 

n. In the action of diastase u|)on starch, the ])ro])ortion 
of maltose formed increases with the dilution of the Fuiuid 
in which tlu' action is effected. It imu'eases with the 
<luration of the action, with the (|uantity of diastase used, 
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iuul with tlio approach to the most favorable mashing 
temperature. 

h. Among tlie substances formed by tlu' conversion of 
tlu' starcli, maltose alone is directly fermentable by means 
of distilling yeast; the dextrins cannol be lermenled by 
(bis agent. Under favorabb* cirenmstanet s, however, the 
latter too can b(‘ transformed into maltose during fernnm- 
tation b\' an after effect, of the iliastase, and they also can 
then be f(>i'm<>nt('d by tlu; yeast. Hence it is of ad\'antage, 
])articularly i7i concentiated mashes, to induce tborougb 
after-fmnientation. 

c. ^\s, fultbermore, the diastase must play an imi)or- 
tant pail daring fermentation, all tbos(‘ circumstances 
sliould b(> avoided in mashing which may in any way 
injiue the diastase, for it can accomplish its purpose only 
if it emmges from (In' mashing |irocess with full power 
and <>fficacy. In thick mashes tiu' iliastase must ])erform 
more work in its after action than in thin mashes, as in 
the former the propoition of maltose to dextrins is more 
nnfa' orable than in (be attenuated mashes. 

(L I in' most favorable temperature lor the action of 
till' diastase lies betwei'ii 12l2 and U!.‘!.;) h’.; at this tem¬ 

perature the greatest (|uantities of sugar are formed, and 
it would appear that this degree of bi'at would be the 
one be,st suited lor mashing in juai'tice. Kxiierieuee, 
however, has shown that such is not the ease. At these 
comiiaralively low temperatures, even with a thoroughly 
disintegrated malt, all the starch is not comiiletely dis¬ 
solved; Ibis is accom)»lished far mori' satisfactorily at 
lit) U., and we are therefore' compi'lli'd to eboose a teni- 
])erature which apiuoacbes the latter jioint. The low 
mashing tem])erature is impractical for another reason; 
in fermentation it is necessary not only to have a mash rich 
in sugar, hut, it must also he as fiee as iiossihh' from 
micro-organisms which could retard the fermentative ac- 
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tioiL These miero-orj?aiiisiiis are not destroyed at tem¬ 
peratures ranging between 122° and 133° F., while at 146° 
F. tliey are nearly all so weakened that there is little 
danger of their injuring the fermentation. 

Thus, there ajipears to he a eo7ni)leto paradox in the 
choice of a mashing temperatui'e. The temperature most 
favorable for sugar foi'inatiou lies between 122° and 133° 
F., but this cannot bo chosen if we give due consideration 
to the (juestion of the disintegration of the malt starch 
as well as to the destruction of iTiiniical micro-organisms; 
we are forced by these reasons to choose a higher tem- 
))eratuie, at which, on the one hand, the sugar formation 
is a ])oorer one, and on the other hand the necessary after¬ 
action of the diastase during the fermentation is ’•etaided. 

f. Fortunately, a compromise for these jraradoxical 
requirements has been found in that the diastase is able 
to resist high temperatures much inoi'e successfully in 
liquids rich in sugar, than in watery, dilute solutions. 
Delhriick, together with I’iitzold, has shown that diastase 
in solutions rich in sugar can withstand temperatures as 
high as 149° to 154° F. without being substantially weak¬ 
ened, while in weak solutions its efficacy is greatly dinrin- 
islred at 146° F. As a rule, it is iiradvisable to enrjrloy 
sacchariziitg temperatures above 140° or' 14()° F., and witli 
the minimum rjuantity of rrralt, everr these temperatures 
should not be used; circumstances ritay nevertheless arise 
in which it would appear imperative to iircrease the sac- 
charizing tenrirerature. Higher teirrperatur es would seem 
particularly effective in working abnormal or objection¬ 
able raw material, insuring purity in the ferrrrentation. 
Tn such cases it is absolutely necessary to have the rise in 
tern]reraturo as gradurtl as possible, so that the formation 
of sufficient sugar may take place before the temirerature 
dangerous to the diastase is reached. 

(). Diastase is most strongly active in solutions which 
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are slightly acid; in li(iuids of the strongly aeid ehaiaeter 
which mashes sometimes possess, especially during after- 
I'ennentation, the action of tin; diastase is severely re- 
tanled because of the activity sometimes evidenced by 
acid bacteria, and, in certain cases, it is even destroyed. 
Therefore, in all cases, care shoukl b(; taken to ])rodu<-e a 
mash as free as possible from fungi, and to maintain the 
purity of the fermentation to the end. ddiis can be accom- 
])lish(‘d by means only of painstaking cleanliness in opera¬ 
tion, by the use of proper antiseptics, and through ])roper 
mashing. 

3 . —riashing; in Practice. 

The determined (quantity of malt for the saccharization 
of the mash is ])laced in the mash vat with just enough 
WTiter to ix'rmit the formation of a thick pasty malt milk 
when the mass is thoroughly agitated by means of the vat 
stirring apiiaratus, and the potatoes or grain are blown out 
from the Henze aiiparatus into the vat when ])roi)erly 
steamed. Udie stirring apparatus is kept in constant 
operation, while the mashing temperature is carefully ob- 
serwed at all times. To obtain rapid and thorough action 
of the diastase, the malt used should be crusbed or finely 
<livided in some other manner. The blowing out should 
be so I’egulated with the aid of the exhauster, or by the 
emi)loyment of proi)er water cooling, that the temperature 
of the mash during the operation does not exceed a 
maximum of Idl” F. In this manner about five-sixths of 
the contents of the Henze apparatus is withdrawn, and at 
tlu! favorable temperature obtaining, the greatest i^ossible 
(luantity of maltose is formed, while at the same time the 
sugar solution is so concentrated that at the end of the 
mashing period the temperature can be laised to 140° to 
144° F. without injury to the diastase. The mash is now 
cooled while the stirring apparatus is kei)t in ojieration as 
strongly as possible; at the same lime the remainder of 
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the mass in the Jlenzo apparatus is blown out into the 
j)re])aratoiy mash vat, so that the desired final temiJera- 
ture is attained. At tliis hij^h temperature tin? malt stareli 
is dissolved and saeehai'ized, while, simultaneously, the 
injurious micro-organisms are largely destroyed, hi eon- 
seijuence the best possible mash. <*om])letely saccharized, 
quite free fi'om fungi, and with well-iueserved active dias¬ 
tase, is |)rodiiced. 

The mash is allowed to stand for a c(‘rtain ])eriod at tlu' 
saccliarizing tenqieralurc. f’ormerly it was considered 
advisable to iiermit Ibis ])eriotl to last fi-oiii one to one 
and a half Jiours; at the present lime, as the blowing-out 
period is longer and as the sac(>barization has ])iogrcssed 
largely during tlu' blowing out, this jieriod is considcn- 
ably shoiiciK’d. AVitb a good (piality of malt, ])roper 
efficiency of the mashing apparatus, and noi'nial operation 
during sbviming and mashing, the saccliarizing ]ieriod 
can often be decreased to 20 to 2.5 minutes without ddract- 
ing from the success of the operation. In some distillei'- 
ies saccharization is allowed to continue for an hour and 
longin’, even to-day. The circumstances and thi'^ method 
of operation in the individual ])lanls should be taken into 
consideration in choosing the duration of the saccliarizing 
]ieriod. Mashing methods ditfcr in the manner of adding 
the malt. Many distillcis make it a principle to add the 
total malt to the mass in tlii' ))rc)iaratory mash vat as soon 
as possible, with the idea, properly enough, that the 
longer the malt in its totality exerts its saccliarizing effect 
upon the mash, and the longer it is subjected to tlie puri¬ 
fying action of the mashing temiierature, the completer 
will be the results of the mashing. Others ])refer to add 
the malt gradually, in small quantities during the blowing 
out, to avoid as far as jiossilile the dangei- of scalding 
tlie diastase. Others, again, jirefer to divide the malt so 
that two-thirds of the total (piantity is placed in the fore- 
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iiiasliing vat for saadiarizatioTi, while tlie remaining (me- 
tliii'd is ad<le(l after the iiiash has cooled to about 8G° F., 
that is, shoi tly l)efore the yeast is added. The last metliO(l 
of introdueing tlie malt is recommended by I h-sse in order 
to decrease foaming feritientation. VVlncIi of these 
methods is to h(' pnd’eired de])e7ids nj)on llie c]iara(‘t(‘r of 
tile malt, the (‘flfici(>ncy of tlu* mashing apparatus, the other 
operations of tlie mashing, and in every case, upon the 
e.xiierience and knowledge of the distiller himself. 

For working jiotatoi's which, in saccharization, give 
tough thick mashes, and in which, as e.xperiencfo has 
shown, fermentation is iioor, Biicheler riH-ommends the 
following method : d’he coidents of the Henze steamer are 
rapidly blown out into the fore-mashing vat, aTid the mash 
is liijnetied by the addition <d’ 1 per cent of malt at the 
original liipiefying tenpieratnre of KiT" F., for about 
twenty minnt(‘s; the mass is tlnm cooled to 144.5“ and the 
r(‘st of th(‘ malt is added. l>y this accession the tem¬ 
perature is lednced to b‘!5° or 1.‘>7 F., a viny favorable 
tt‘m])ei atnrc' for sugar formation. The mash is alloweri to 
staml at this temiieratnre long enough to insure a rela¬ 
tively high ]u-oportion of maltose to the dextrins. In 
this way easy and completi' fermentation of the mass, 
which j)cr sc is a thin lipuid, is elTected. Starch of the 
best moih'vn varieties is, accorrling to Iliiclicler, easier to 
saccharily than tin' older kinds, and it yi<‘lds a relative 
piojiortion of maltosi' to <k‘\trins of 4:1, and under cer¬ 
tain circumstances, e\'en of 7 07‘ S:l. 

j\mong the advantages claimed lor this method are the 
thiimer character of the resulting mash, and tlu‘ corre¬ 
sponding better utilization of the available sjiace. From 
the accounts of practical distilleis, however, the ]irocess 
does not lead to better results in ])ractic(“, and in many 
cases tin' 1 per cent of malt added e.xperimenhilly was not 
snllicient to licjnefy the. mash. 
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4.—Hashing Barley, Rye, Wheat, and Oats. 

The grain is iireterahly ground to a line grist, and if 
the material is very hard and horny, it is bolted, th'ushed 
malt, whicli forms a Huffy mass witli the glnmes not too 
finely eoinminuted, is used. The preparation of the mash 
may he carried out in two ways—by mashing in two 
periods, or in one. 

In the first metliod the requisite quantity of grist is 
donghed in witli lukewarm water, previous to the actual 
mashing. This operation should be performed with care 
to insure that no lunq)s arc formed, and should the latter, 
nevertlieless, occur, they must be broken iq) by being 
forced through the meshes of a sieve, ddie mass should 
bo thoroughly worked, and should not e.xceetl the ma.xi- 
mum temi)erature of 111° F. It should be constantly 
stirred and should be heated to the mashing tenq)erature 
by the addition of boiling water. If the agitation of the 
mass by the stirrer is not enei'getic enough, it may be 
heated by the introduction of steam. The mash is then 
allowed to stand one hour for saccharification. 

In mashing in a single jieriod the malt and grist, with 
constant agitation, are gradually introduced into the en¬ 
tire (luantity of water, heated to a temperature of l(il.5° 
to 17(5“ F. As it is dilTicult to kee[) the mass free from 
lunqis, and because of the consequent losses in starch, this 
method is not recommended for genera! use. Further¬ 
more, the high temi>erature impairs the efficacy of the 
diastase. 

The mode of mashing in use in many English ilistil- 
leries consists in the i)rei)aration of clear saccharine fluids, 
which are called worts. According to Brannt, the mash 
vats are provided with mechanical contrivances similar to 
those already described. The grain is finely commin¬ 
uted between millstones, and the malt is crushed by 
means of rollers. The mashing is generally effected in 
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Steel’s preparatory inasliing inacliiue, illustrated in Fig. 
26. Tlie nmcliine is located over the actual masli vat, and 
consists of a copper cylinder A, closed at one end and ojK'n 
at (I. Through tlie center of the cylinder passes the shaft 
I), ])rovided with stirring anns; it is driven by a belt and 
pulley at the rate of 150 revolutions a minute. The grain 
is poured in through the funnel C, while the water runs 
in at the side. The mixture prepared in the cylinder flows 

into the mash vat itself, 
which is generally formed 
of cast-iron i)lates firmly 
bolted together. It is pro¬ 
vided with a mechanical 
device which, by rotating 
horizontally and vertical¬ 
ly, effectually agitates the 
whole of the liquor in tho 
vat. The perforated fitlse 
bottom of the vat allows 
the clear wort to percolate 
into the space between it 
and the true bottom, from 
which it is drawn off into 
the underbacks, large ves¬ 
sels placed Ixmeath the 
mash vat wherein the 
worts arc collected until pumped into the cooling vats. 
After the first woit is drawn off, a cpiantity of water at a 
temiceratui'e of 17!).6° F.—as in the first mash—is jioured 
ovei' the mass in the mash vat. The second wort is drawn 
off in the same manner as the first. The whole of the 
saccharine and fermentable matters of the grist introduced 
into the mash vat is generally extracted in three, always 
in four mashings, but the manner of doing so differs ac¬ 
cording to the notions of the distiller. In some cases the 
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fiiMt, second, and third niashings are evaporated nntil tho 
mixture acquires a s])ecitic gravity of about 1.05, wiien it 
is tliouglit to be ready for tlie fermenting vat, tbc fourth 
masb ])eing reseived for extracting fresli quantities of 
grist. 

The chief advantage of i)rei)aring clear worts is tliat all 
insoluble admixtures inimical to the j)urity of the product 
are (}xclud(>d from tin; fermenting mash, the oils of a 
])eculiar and always disagreeable odor being developed 
from the grains alone. further advantage is that clear 
worts enable the distiller to make use of practically any 
kind of still, even one heated by an o})en tire, while thick 
mashes re<|uiro stills of special construction. Hut, on tlie 
other liand, the yield of alcohol obtained from them is 
never so lai'ge as that from thick mashes, as it is scarcely 
possible, except with very cojnplicated devictvs, to extract 
everything that becomes soluble during saccharization. 
Jlesides, all tho starch of the grain is never entirely con¬ 
verted into soluble itroducts, and, as has heen ])roven by 
many experiments, a portion of the starch which remains 
undissolved becomes available afterwards during fermen¬ 
tation. Hence this ])ortion is entirely lost as regarxls the 
yield of S])irit, as well as a iiortion of the starch di.ssolved 
by the mashing jirocess. 

Under an accumulation of maltose the cnei'getir? action 
of the enzymes, which lirjuefy tin; stai’ch and form the 
sugar, is in time entirely pieventerl. '^I’lius, it is [rossible 
to convert all the starch into maltose in very dilute solu¬ 
tions only oj' by tho use of large (irrantities of malt rtnder 
special conditions. The masliing process of Uorion is 
based upon the fact that if the sttgar crtn be removed as 
it is formetl, the starch can be converted into maltose in a 
comparatively short time. The method as elaborated by 
the inventor recpiires but 2 to .‘5 jrouird.s of beer yeast, arrd 
at the most 5 pouutls of malt for each 100 pounds of 
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corn. The corn or other material, uneomminuted, is 
])laeed in a proper apparatus witli three time’s tlu’ ejuaii- 
tity of water and is brouglit to the boiling ])oint. To 
sotten it thoroughly the mass is allowed to stand for live’ 
or six hours at a tom|)erature not under llO.T’ F. P>y this 
steei)ing the starch is completely swelled, although the 
external appearance of the grain is not altered. 
li([uid is drawn ott, and may Ik* used for st(>(‘ping fiesh 
luatei ial, as it eoutaius a certain amount of earl)ohydrates. 
^1 1 k’ material is allowed to drain and cool in a shallow 
heap; it is then tiiu’ly eiTished, and is introduced into the 
fei'm(*nting vat, which has previously been charged witli 
malt and yeast, 'file mass is thoroughly mi.xed, and left 
lor simultaneous termentation and sugar formation. 

5.—flashing 3acchariferous Raw flaterlals. 

d'he best method ol' i>repaiing mashes from sugar beets 
is one in wliich the juice is separated from the puli). 
tact, this is practically the only suitable method, because 
Ihe bei fs contain a large |)ercentage of mucilage and fiber 
substam'c, so that if crushed to a pulp they could be fer¬ 
mented in very dilute form only. ('ons(’)|uently, fermen¬ 
tation must be preceded by the extraction of tlu’ juice, and 
this can bc’ effecti’d successfully by pressui'e, maceration, 
or diffusion, 'file sugar of the sugar beet is not ilirectly 
fermentable, as it is in the form of cane sugar, ami must 
b(‘ first transfoiiuod by the ferment iiwriiiii, which is 
contained in the yeast, into a fermentable niixtuie of 
dextrose and levulose, known as hirciied sugdr. fn pre- 
j)aring the mash the sugar beets, as well as the residual 
molasses from the manufacture of sugai’, may be used 
directly. The molasses often contains, besides organic 
substances and inorganic salts, as much as dO to 45 per 
cent of sugar. Whih* im])roved methods of sugar manu¬ 
facture have enabled us to I’eeover a considerable j)ro- 
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portion of this sugar, enough still remains to render the 
use of molasses for alcohol ])reparation profitable. In ap- 
jiearanee the molasses is of a yellow to brown or brownish 
black color. In working molasses it is first diluted with 
water to 16 to 18 ])er cent of sugar concentration, though 
fre(iuently it is worked in a still more concentrated state— 
about 15" Be. Molasses bec'ause of its viscidity is diluted 
with w'ater in mixing vats i)rovidcd with powerful stir¬ 
ring ap])lianees, or by means of a steam Jet. 

Raw sugar can, of course, be fermented directly in the 
usual maimer, preferably after being dissolved in hot 
water and after dilution to the proper ])oint. To accel¬ 
erate ilie process of fermentation, which is normally a 
slow one, sulphuric acid may be added. The use of 
glucose and grape sugar for alcohol ])roduction presents 
certain difficulties, though the process is the same as for 
raw' sugar and molasses. A solution of suitable concen¬ 
tration is prepared and is fermented at the i)roper tem¬ 
perature, after lR*ing acidulated with snliihuric acid, (kme- 
sugar molasses is generally worked in the same mannei' as 
cane sugar. If the molasses is alkaline, it is absolutely 
necessary to use sulphuric acid with the mash. 

II.—THE APPARATUS USED IN MASHINQ. 

The apparatus used in mashing can be divided into two 
classes: First, those whi<“h are not jnovided with water 
cooling, and which, naturally, re(piire special devices for 
cooling the masli to the fermenting temperature; and, sec¬ 
ondly, those whi(“h are j>rovidcd with water cooling, and 
in which, conseiiuently, not only the cooling of the mash 
to the saccharizing temperature, but also the cooling to 
the fennenting temjieratiire after the termination of the 
saccharization, can be effected. Tn installing new appa¬ 
ratus, masbing vats ])rovided with cooling a])paratus 
should always be chosen; these are cheaper, and permit 
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tlie operation to be carried out witli tlie same rapidity as 
in those provided witli sei)arate coolei s. 

1.—Preparatory Mash Vats Without Water Cooling. 

To tliis class belongs OJie of the oldest mashing devices 
used in coiincction wdth the IleiiEti ajiparatiis, namely, that 
ot VTimletli and Mllenbcrgcr, Darmsladt, Gennany. 



Jm(i. 2<.—Mash Vais of Mogkuv (’Honshu ctiox. 


FlIenbergcD' first emidoyed th(> ]inlpei' of pajx’i' mannfac- 
tni'c, for crushing and comminuiing ])ui'])OS(“s in tlie mash 
vat. '^riiis construction at the jircsent time, however, ])0s- 
scsses an historical value only, 'rin* a])])ai'atus is no 
longer available with the mefhods employed to-day, as its 
cajiat'ity is nneciual to the demands jilaced upon it in 
woi'king extremely eoncmitrated mashes. 
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The preparatorj' mash vat of Paucksch was one of "'he 
fii’st of tile type in which centrifugal action was emjiloycd; 
it was intro<hi(‘ed in many hreweries, and was set up in 



Fig. 28.—Pacokscii Masiii.ng and Coomng Vat with I.nvoi.ijtu Stikbeb. 


large jilants in connection with batteries of Henze 
steamers. This device has also been replaced to-day by a 
different construction designed by the same firm. The 
older form jiossessed a bowl-like body with an uppeiv 
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cylindrical part; upon tlie bottom, mounted on a rigid base 
plate, was a vaned wlioel or (liglitor, actuated from under¬ 
neath the device by nu'ans of a shaft. The wheel drev/ the 
mash from above and hurled it against the sides, thus 
effecting a powerful and iiniform mashing action. 



Fig. 29.—Pi.an View ok 'I'iie PACCK.st'ii Ma.'^iiim; and Cooling Vat. 


2.—Water-Cooled Preparatory flash Vat*. 

In tlie modern Paucksch vat, which is shown in Figs. 
28 and 29 , the Highter is i'e])laccd by an involute stirring 
member. The actuating device has been advantageously 
altered by the introduction of gear transmission, and, 
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finally, the vat has been provided with an efficient cooling 
coil oi’ worm. The apparatus can be re(!ommended be- 
cauvse of its excellent construction, good inasliing action, 
rapid cooling, and easy cleansing. Mash vats similar to 
that of Paucksch’s are constructed by A. Wagener, (ffis- 
trin, (termany. Among the innovations which tliesc show 
are cop])er cooliTig itijics, which can he taken apart, and 
arched bottoms. The diameter of the apparatus is two to 
three times its height. The driving shaft is located in s])e- 
cial bearings, and is j)rovided with conical gears having 
teeth of si)ecial construction. The.se vats can be recom¬ 
mended because of their excellent and strong construction 
and their proven high efficiency. 

The modern systems arc almost all provided with water 
cooling, and the examples below are given as typicM of 
these constructions. In general, all the latest ])i'(']>aratory 
mash vats can be said to accom])lish their pur])ose effect¬ 
ually. The manufacturer has been able to meet the re- 
(piirements of the distiller in constructing these devices, 
and the efficiency of the aj)]iaratus is, on the whole, com- 
]iaratively high. The following points should not h(‘ lost 
sight of in choosing a A'at; The device should, first of 
all, ])Osscss a powerfid mashing action, in order that a 
ra])id and uniform mixing of the mashed raw material can 
be effected, with rai)id ecpialization of the temj)erature in 
all jmrts of the mash, in the mashing vat; further, an 
efficient cooling system must be provided in the vat, and 
this should be so constructed that it can be taken a])art 
without difficulty, that it may be cleaned iiiternally and 
externally with great thoroughness, d’he cooling of the 
mash to the ])itching temj)erature inust be possible of ac¬ 
complishment in three-(iuarters to one hour, and in this 
o]ieration the consumption of cooling water at a tempera- 
tin’e of J5()° F. should not exceed two gallons per gallon 
of mash. Finally, the entire mashing ai)paratus must be 
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so constructed that it can lie cleaned throughout in the 
most thorougli manner by scrubhinsir with the brush, in 
order to avoid boilinju; witli water or steaming. 

The mashing apjiaratus of llamp(*l, Dresden, illustrated 
in L ig, »1(), was the first systmn whi<*h rendered the ex- 
hausku- unnecessary, as it provided thorough and rapid 
distnlmtion of the blown-out material, and effective cool¬ 



ing of the mash by energetic agitation. The blow-out ap¬ 
pliance used with tin* Hampel apjiaratus is shown on a 
larger scale in Tig. .'ll. Tn this figure, h i-epresents the 
blow-out piiie of the Henze apparatus. Idie mass ])asses 
through this into the chamber c, which flares outwardly 
at its lower part. Tn this chamber is located a cone (j a, 
actuated by the shaft which drives the llighter o, Fig. .T). 
The cone works against the side of the chamber c, so that 
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it can ])o closely adjusted at f. 'I'lnis, the mass is blown 
out into the ])rei>aiatory mash vat through the narrow an- 
nulai' slot at f in the form of thin hell-sha))ed stream. 
Here it is immediately incorporated in the rapidly-stirred 
mash without local overheating, and is at once thoroughly 
mixed with the latter. The llamyiel vat is jirovided with 
a siin])le but very effective flighter oo, and a system of 
cooling pockets, 'fhe cooling water enters at the bottom 
of the vat, and passes upwardly through a pii)e into a 

hollow cast-iron beam 
(7i, to which the cooling 

constructed of cop])er, 
■11 have intenial parti- 

H z I tions, so that the water 

‘ flows down one side of 

/TmII ])ocket and 

uj) the otlan-, and thus 
I- i 1 passes from ])Ockot tO' 

L ” J’ jiocket until it escaiies 

■c tr T> ^ l>'om the hollow 

Fic. ni.—H a \rPKi. lii.ow-Oi T r>h MCK Koit , ,,,, 

hknzi: ai-pakaii s. Dcain. I he same prin¬ 

ciple is made use of in 
practically all the systems employing cooling jiockets, 
but, as said before, it was first introdu<‘cd in its tierfected 
form by TTam]tel. 

Entii'cly different from the a[iparatus described so far 
is that of Pamjie, illustrated in Fig. 32. This consists of 
a close<l, cylindrical forivmashing vat, a vertical shaft 
passing through the center of the same, and a hollow col¬ 
umn located within the vat. The last has a j)ear-sha])ed 
lower iiortion and a plate-like surface at its upper i)art, as 
is shown by the light broken lines in the engraving. The 
pear-shaped i)ortion contains a ])ump of the centrifugal 
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type; the upper part is provided with a rotary flighter. 
The jiump draws up the mash, while the flig:hter liurls it 
powerfully against tlie walls of the vat, which is entirely 
closed; the mash then 
trickles down the sides 
inl(‘rioi'ly and is cooled 
by siu-face si)rinkling of 
the outer walls of the 
vat. Inefficient as this 
cooling would ajipear 
to be, at first glance, it 
is remarkably effective, 
and is attended with the 
great advantage that the 
cooling element is not 
I'ovei'ed nj) and is 2 )rae- 
tieally unbreakable. The 
rotary pump is driven 
at the rate of 160 to 180 
revolutions ])cr minute. 

'I’he '-teamed mass is 
foret'd from the J[enz(‘' 
apparatus upon a sheet- 
steel distributing disk, 
r('V()lving about .350 
times a minute, where it 
is somewhat cooled, and 
then passed in the usual 
manner into the appai-- 
atns. The Pamjie mash¬ 
ing apparatus is, of Fki. 32.—Pampk Mahiuxg ArrAUArtia. 
course, provided with 

the jet e.xhauster. But this is not located in the blow-out 
arrangement and, consecpiently, cannot contaminate the 
mash by residual starch mass clinging to its sides. 
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FlO. 34.-COOT.I.N’C Er.KMKNT OF 

TifK EcKFitr Mashi.vc. Vat. 


I'lvci y (lonianil of tlio luod- 
crn iiiotliod of itiasliiiij:,' is 
fully met iu tlie ])iei)in atoiy 
mash vat ooustrueted by the 
II. F. Eckert Company, of 
Berlin, which is shown in 
Fii^s. do and d4. This ajipar- 
atns is designed ])articularly 
for (“oncentrati’d mashes; it 
is of cylindrical form with a 
conical hoitom j)rojecting 
downward froin the body. 
Within the bo<ly are a hori¬ 
zontal shaft and a rod-stir¬ 
ring device, which is driven 
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by the shaft, aud which works througli the cooling 
system. 

'I'he latter <“om])rises straiglit, brass tubes, and two cast- 
iron liead and connecting pieces. I’lie tiil)es jtass thi’ongh 
the lieads and arc joined togetliei'. Tlu'y are sc'cnred to 
eacli otlier by these lieads, which ai'c hc'ld in place by 
screws. The cooling efticiemy of this system is high, and 
as it is easily taken apart, it possccsses tlu' advantage that 
the cooling pipes can be intinnally' cleans(‘d without ditli- 
cnlt.v; th(‘ jiower consumption of the apparatus is com- 
l»;irativel\' small, notwithstanding that the mashing action 
at no to 1:10 levolntions pen- minute, is an excelhmt one. 

'riu! necc'ssity for working extremely concentrated 
mashes, sev(*reiy taxing, as it does, the stirring apjiaratus. 
is the reason for the very massive constnudion and the 
strong arrangement reipiisiti' in iirepaiatorv mash x'ats. 
An ordinary lotating mill is no longer sutlicient, and with 
]»iesent m('lho<ls, particniarlv powcrfnl stirring ajiparatus 
must bo provided. An apjiaratus capidile of eflicient op¬ 
eration with even the thickest mashes is that constructed 
ly (1. !*'. Jlohm, Fredersdorf, (termany. This is shown 
in Fig. da. In. the constrindion of this type of apjiaratus, 
all those considerations which enter into the design of an 
efficient mash X’at have been given luoper attention. A 
most thoi'ough working is cti'ccted bv stirring arms mount¬ 
ed upon a vertical shaft; tiiey' extmid almost to the wall 
of the \’at. The anus travid betweim the straight tubes by 
means of which the device is cooled, and effectivel.v stir 
the contents of the vat, even if the mash be of the most 
highly coueentrated charactcu'. Tlu* agitation of the con¬ 
tents of the vat is assisted b\' tlie straight cooling pipes 
which ])rovent tlie mash from rotating with the moving 
stirring arms. (Vmseipiently', the tc'inperature is practi¬ 
cally uniform in afl parts of the mass. As the stirring 
apparatus rotates comparatively' slowly, it reiiuires but 
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little power to drive tlie raeclianism. The bearings in the 
ai)paratns are of special construction. Tlie cooling sys¬ 
tem, consisting of straight tubes, cools the mash rapidly 
to the desired temperature, and reciuii-es a conpiaratively 
small amount of water. Idie cooling elements can be 
cleaned with the greatest of case, as the individual tubes 
can be freed from slime, dirt, etc., by a simido brusliing 
out with a ))roi)er utensil. This is a decided advantage, as 



under these circumstances the cooling efficacy always re¬ 
mains uniform. The internal construction of the ai)pa- 
ratus is such that there are no coniei-s, ])rojc(lions, etc., 
which can iuterfej-e with easy and ra|)id cleansing. An¬ 
other ai)iiaratus of Bohm, which is provided with a single 
cooling worm or coil, <‘orresponds in its general features 
with the form described, and the concentrated mash stir¬ 
ring device Avith which it is provided is veiy effective, 
■even at slow speed. An exhauster of practical form, pro- 
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vided with a cone ad.justal)le externally to avoid the chok¬ 
ing nil of the devi<‘e, and a trap for the condensed water, 
are included in the api)aratus. The further details can be 
easily understood from the illustration. 

In addition to the types described above, the same firm 
builds a so-called tub vat. The arrangement of this vat, 
as exemplified in the model of 1!)()2, is as follows: The 
u])per ])ortion is prismatic in form, but is rounded off at 
the lower iiart to constitute a half cylinder. This con¬ 
struction avoids corners and angles, and renders the 
cleansing of the device a siraj^le matter. The agitation of 
the mash is effected by means of stirring vanes, which are 
mounted obliciuel}’ u])OJi a massive horizontal, central 
sliaft. The shaft is su])i)orted upon the bottom of the tub, 
and runs in stuffing boxes. It is driven by means of a 
belt and pulleys from the main transmission. The ])ower 
consum])tion of this type of device is smaller than that of 
vats ]uovided with centrifugal stirring a))i)aratus. Tlie 
tub of this form of apparatus with a mashing cai)acity of 
a])])ro.\imately btiO gallons is about !) feet long, 5 feet 
wide, and 5 feet high, so that it retpiires comparatively 
little I’oom. 

Ill this construction, too, the use of straight cooling 
lubes is ])artieularly effective. These are arranged in 
parallel pairs, at the longer, o)>posite sides of the vat, and 
])ass through the bottom of the tub. They are .ioined to¬ 
gether on the outside of the tub by means of extei'iial ea])S, 
which are designed to ])revent leakage. This arrange¬ 
ment jxissesses the great mlvantage that the tubes can, 
from time to time, be cleaned without difficulty, after the 
cajis have been removed, by means of a long wire brush. 
And it can no longer be doubted that with cleanliness in 
the cooling system, the efficiency remains undiminished and 
uniform. As the cooling tubes are, at the same time, con¬ 
nected with the steam supply, the mash in the preparatory 
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mashing vat can be lieated, if desired. Notwithstanding 
a comparatively low water eonsumi)tion, the efficiency of 
the cooling system is high. 

The limits of this treatise make it imi)ossihle to illus¬ 
trate (u- describe further ai)i)aratus of this character, not¬ 
withstanding that many excellent and efficient devices are 
constructed by other tirms and arc extensively used. Be¬ 
sides the general eon- 
sid(!rations to bo oh- 
ser\'ed in choosing new 
ai'paiatus, as described 
above, the efficiency of 
the device, as well as 
the room it TTMpnres, 
should he hdecn into ac¬ 
count. The cai)ncity of 
the mashing vat, not in¬ 
cluding the allowance 
foi‘ the cooling a])])arat- 
us, should be about 140 
gallons for each 100 gal¬ 
lons of fermenting vat 
ca])<acity. The form of 

Fm. .Ifi.-A M0NrK.,rs True Type mashing Vat should 

Usual in the distiuleuy. correspond tO' that most 

suitable for the kind of 
stirring device emidoyed. flentnfugal stiners should be 
driven at the rate of at least 80 to KKl revolutions jxu’ min¬ 
ute. The cooling tubes, preferably of co])per, should have 
a wall thickness of at least 3/1,0 inch. For each 100 gal¬ 
lons of mash about 1.1 s(j[uare inches of cooling tube sur¬ 
face should be provided. Goslich recommends that the 
mashing vat be connected with the montejus, a device for 
raising or transporting licpiids by steam jiressure. A 
fonn of this device is illustrated in Pig. 36. 
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III.—CLEARING THE HASH. 

This operation is iioeossaiy in working with conoen- 
traled inaslies only, 'riiese contain giuater (luantities of 
linsks and sjwnt grain than do attiaiuated mashes, for in 
preparing them greater (piantities of raw material are 
used for the same mashing ca 2 )aeity than in the latter. 
('onse<|uently, fermentation in concentrated mashes he- 
eomes inactive and incom])lele, and the mashing sj)ace is 
encnndxn-ed with uui)roportionatcly large mas.ses of S 2 )ent 
grain, ft would a)) 2 )ear to he of advantage to I'emove all 
the husks and other insoluble constituents fiom the mash, 
and to ferment a wort, that is, a clear li(|uid. Experi¬ 
ments which have been made in this connection have, how¬ 
ever, shown that the opposite is tlie case, it has been 
]>i'oven imjjossihle to ferment cojny)letely wort from con¬ 
centrated mashes. In a wort of this character 2 )art of the 
yeast remains upon the bottom of tin* vat, and iloes not 
<‘ome into lai'id and unifonn contact with the fermentable 
sugar. Hut if the mash contains certain ([uantities of 
sjient grain and Im.sks, these serve the yeast as means of 
transportation, and move about with it in the mash, first 
rising and then again falling to the l)ottom, so that the 
\east constantly encounters new masses of sugar to act 
upon. Thus, while the greater i)art of the spent grain 
and husks can he removed from the mash without harm, 
th(> latter should never ho entirely freed from these sub¬ 
stances. For this reason apparatus for' removing husks 
should ho so designed that if ])roduces a wort hut jrar- 
tially free from the solid constituents. Delhriick has 
shown by s^recial researches that the presence of undis¬ 
solved sidrstances, which are nnaffected by the yeast, neu- 
ti'al substances, has a beneficial effect upon the fennen- 
tation, while, on the other hand, a superfluity of such sub¬ 
stances is likewise injurious. 

riearing the mash is of advantage because: 
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1. Through the removal of the husks the mash becomes 
mobile and more thinly fluid, so that the fermentation 
2 )rogresses with greater energy and rapidity. 

'2. A certain i)roj)ortion of the mashing ca])acity is ren¬ 
dered available thereby, and in place of the useU'ss spent 
grain and husks fennentahle suhstaiices can b(‘ introduced 
into the vat, thus increasing the yield from the mashing 
si)ace. Tlie husks absorb more water than wort from the 
mash, and thus the room which they uselessly take uji 



Fir,. 37. —MiT-i.KK-EuKUiiAUDT Mash Ci.kaiu\<} Appak.vtus. 

cannot be calculated from the dry substance of the husks, 
according to Heinzelmann. 

3. The si)ace necessary above the mash is diminished, 
thus offering the jiossibility of introducing greater (|uan- 
tities of mash into the vat. Carbonic acid adheres tena¬ 
ciously to the husks and spent grain, and agitates the 
mash, thus uselessly increasing the volume. On the other 
hand, carbonic acid escapes more easily from clear worts 
so that the space above the wort may be restriided in fer¬ 
menting such li(]uids. 

4. After the removal of husks and other solid bodies. 
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such as straw or twigs, the mash can be pumped wiili 
greater ease aud is less liable to choke the pumps during 
distillation, (lonsctiuently, in using clear wort certain 
alcohol losses which otherwise might occur, are avoided. 

'rile oldest of the systems for removing solids from the 
mash, which are used to-day, is that of Muller-Piberhardt, 
built by the Kberhardt Machine Works, Bromberg, Ger¬ 
many. Big. .‘17 represents the Muller-Plberhardt appa- 
latus. In this appliance the mash is introduced into a 
peiforated drum by means of a screw conveyer, and is 
forced out through the sides of the drum by a pressure 
d( \’ice. The clearing of mash for a mashing capacity 
e(|uivalent to 750 gallons takes fifteen to twenty minutes 
with this apjiaratus. 'I'lie device is used in a great many 
distilleries because of its excellent constnuOion, as well as 
its uniform and efficient operation. It can be said with 
truth, however, that it takes up considerable room, three 
to four s(|uare yards, and that it is <‘omparati\a‘ly ex- 
jicnsive; moreover, the iiower consumption is greater tlinn 
with other, more modiu'u systems, so that preferably it 
should be used in larger plants only, which are provided 
with powerful machinery. 

The ajiparatus designed by G. Leinhaas, P''reiberg, Ger¬ 
many, consists of a vertical, cylindrical casing in which is 
located a perforated cylinder. Within the latter is a con¬ 
veying screw, 'riie husks are forced upward and are 
ejected through lateral openings at the uiijier part of the 
casing, which is closed by means of a lid. An innovation 
which has been introduced in this ajiparatus lies in the 
jieculiar construction whereby the screw and the per¬ 
forated cylinder can be scfiarately removed for the pur¬ 
pose of cleansing them. The apparatus is yirovided with 
a s])e<*ial hoisting device at the upper part of the casing, 
to assist in the removal of the jiarts. 

The Bohm husk remover includes a brass cylinder in 
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whicli a screw conveyor is mounted; the maali is fed to 
the screw by incans of tlie well-known Bohin rotary pninp. 
'^I’his device rc(|uires little room, as it is i)referably mount¬ 
ed directly above the i)i'oparatoiy mash vat itself. Such 
is also the case with the apparatus designed by Hampel, 



and constructed by the firm of Mdmund Klctzsch, J)res- 
den. Tliis is illustrated in Fig. .‘18. It cojisists of a per¬ 
forated copper cylinder su])])orted by four cobmms, and 
provided internally with a screw. The latter draws the 
mash into the device, forces the husks ujiward, expresses 
them, and allows the mash to run back into the prepara- 
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(di>’ mash vat. M’ho rc- 
iiiDval of the Imsks can- 
not !)(' as com]>lct(‘ with 
this device as with the 
Miiller-Kherhardt a n d 
similar types (d’ ap))a'r 
atus, for tlio entire mash 
(.Iocs not jiass Ihrou^h 
die ai))iaralns directly. 
Kevcrtlieless, with this 
system loo, considerahle 
portions of spent gi'ain 
can be removed from 
the mash. 'file opera¬ 
tion is cari'ied out dnr- 
iii”' the coolinn' jieriod 
directly afti-i- the com¬ 
pletion of the sacchari 
zation, and thus no time 
is hist in clearing' the 
mash. 

'idle Imsk-remcn’m- of 
Hint/. - (Jolu'l, hdilken- 
herg', Prussia, is widely 
used. It consists of a 
cxlindrical casing in 
whi(‘h is located a sec¬ 
ond, vertical, ])erforal- 
cd cylinder, and a shaft 
in the second cylinder 
provided with spiral, 
luessin.g and conveying 
screw. As the devic(‘ 
is located in ])ractico 
between the prejiara- 



Kic. o9.--Tiii HiA'r/-Gt>nKL Hi sk 

Ri \n)\ i.N(. Ari‘Ai{A'U s. 
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ii)ry mash vat and tin* masli vat iji'oper, it must ho so 
mnuntod (liat tlio outlet pipe of tlio Imsk-rcmovoi' is soine- 
wliat l()W(‘r than tlio lowest ])oint of the hnttoni of the. 
pre))aiatoiy mash vat. 'fliis cannot always hi; aeeom- 
]»lished without lowerin.a: the a|)par;itns lielow the level 
of the floor. In o|ieration, too great a ipiantity of the 
mash should not hi* fed to the removei', foi’ should this 
oeenr, part of the masli would he lost with tin* husks. 
'I’hns, it is advisahle to ])rovide a snitahle cock oetween 
the fore-mashing vat anil the removin', so that the flow 
of the mash ean he regulated, ddie apparatus is illus¬ 
trated in Fig. d!). 'Phe eleansing of the device presents 
diftieulties, and it is advisiihle to ]irovide a steam inlet and 
outlet hy means of which the entire apparatus can he 
steamed thoroughly. 

()ne of the latest a|>paratus for this ]mrpi)sc is that 
of I’aucksch, constructed l)\' the Aktiengcscllscliaft II. 
Paucksch, l.andshcrg a.W., tiermany. 'Phis ty)ie has 
found great favor with many distillers, and has heen in¬ 
troduced in a lai'ge numher of (ierman distilleries. It is 
illnstrated in i'’ig. -ID. 'Phe apparatus includes a strong 
cast-iron shell, in which is located a iierforated drum 
mounted upon a rigid shaft. A screw casing, /', in two 
liarts, is ])rovided within the iierfoiated drum. 'Plic screw 
casing is of cast iron and is mounted upon a shaft. A 
curved iilate presses against the inner side of the drum, 
and is constantly reciprocated hy means of an eccentric /. 
mounted upon the main shaft. Pressure is exerted against 
the curved ]>late hy means of ;i sjuing ])late a, which 
is mounted at the screw casing /'. Ilesidcs this, a scrapei', 
is mounted upon the screw casing /, and presses closely 
against the wall of the drum. In the operation of the 
husk remover, the mash Hows from the ju'eparatory mash 
vat through the outlet pipe into the rotating jierforated 
drum. The husks collect against the widls of the drum. 
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while tiu! mash fluid, tlirowii out thiouf>:h the |K‘ii'oiatioiis 
hy eeutrit'ugal action, collects in tin* cast-iron shell a, from 
wliich it is drawn tlirough tIu' outh't opening hy means of 
a masli pnmi). d'he husks collected in the ])erl'orat(‘d dium 
pass lietween the curved ]>late k and tin' wall of the drum, 
and arc subjected to a prepai-atory pressing l)y the recip- 
rocatory movement of the ])late. d'hey are then forwarded 
to the screw t)y means of the scra|)ei’ and hy the screw 
tlioy arc forced U|)ward and undergo furtlier ))ressure. 
ddius, the ]»erforated drum is constantly ))eing fi'eed from 
the husks, so that chokiTig of th(‘ sieve walls with conse- 
<iueni retarding of the oi)eratiou is avoided. The Paucksch 
a])paratus |•c(luires about one s(|uarc yard only of floor 
space, and as it is but 4 feet liigh, it can lx; installcHl with¬ 
out iiK'onvenience. The masli can be introduced into tlie 
perforated drum directly from tlie i)re))aratory masli \at. 
Jn a test of this aiiparatus conducted by Wittelshiifer, 51 
])Ounds of spent grain were removi'd from S75 gallons of 
mash, whereliy 117 gallons of mashing sjiace wei’i' gained. 
The consequent extra yield of alcohol from this additional 
<|uantity of mash would be about t).4 ]icr cent. 

The s))iral jiress invented by Afiiller is an improved 
form of husk remover, ft is built by the Schle|ipschitT 
fahrt-.\ktien-(iesellschaft, of P>romberg, (Jermany, and is 
illustrated in Pig. 41. The ])ress comi»rises the sieve-like 
body K, tho conveying screw F, and thi' closed casing (!, 
which can be locked and which is ])rovided with inlet and 
outlet openings St, St'. M is a continuation of the air tight 
casing, and is connected with the drum K. Tt is closed 
hy means of the lid (t. By means of the sweet mash 
])umi), a suction is jiroduced at St', and the mash is there¬ 
by drawn into the iierforated body at St. Th(> fluid con¬ 
stituent is forced through the openings or iierforations, 
while the solids, which remain in A', are seized by thc 
serew F and forced along toward M. As the casing is 
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ail'-tiglit, it ads as a sudioji air diani])er; thus it is iuit 
partially filloil with tho mash, and thn residues, in passing- 
toward 17, soon onKU-ge rroin the liejuid and are expressed 
in the nj)])er i)art of the ap))a)atus. ^Vftei- they are eoin- 
])ietely pressed out they ])ass into the tuhe-like addition M, 
and are aggregated solidly until the pressure of the screw 



ejects them, piston-like, from the ap])aratus. The eireinn- 
stanee that the spent grain and husks are exjiressed out¬ 
side of the mash li(pii<l results iii the production of drier 
spent grain than with any other similar machine, and oou- 
se(juently, practically no mash is lost. 'I'lie following fig- 
ui-es evidence the (■ffieient action of the Muller s])iral 
})ress; it was highly rec-ommended by lleinzelmaim as the 
I'esult of his investigations: 
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The apparatus is most convonipiitly set up adjacent to 
tlie preparatory mash vat, hut it can be located at any 
desirable jK)int, as lony as j)rovision is made- for suitable 
cleansiny as the latter becomes necessaiy. The apparatus 
ie<]uires a si)ace about d feet lonj;;, J feet wide, and 
about I'/i feet high. A special advantage of this systejn 
is found in the interchangeability of the sieves; by means 
of a i^lurality of sie\GS of varying mesh, it is ))ossible to 
take into oonsideiation any possible degree of fineness of 
the mash, and to clear the latter accoi’dingly. 

In choosing any of the above-mentioned husk-removing 
apparatiis, ceitain circumstances shoidd be taken into ac¬ 
count: Fii'st of these is the (luestion of s])ace, as the dif¬ 
ferent systems vai'y consideiably in regard to the room 
they re(|uir<' in the distillery; second is the (‘apacity, which 
is governed by the (piantity of the husks, and the dry sub¬ 
stance in the removed waste; and filially there is the jiower 
consumption. In the last, the available machine iiower of 
the plant must be taken into consideration. 

IV.—POWER NECESSARY TO DRIVE THE MACHINERY OF 
THE DISTILLERY. 

W. (roslich, the head of the Mechanical Department of 
the Institute for Fernamtation Industries of llerlin, has 
made a thorough investigation of modern distilleries with 
regard to the jiower consunpition of the individual ma- 
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olihics and a])j)aratiis. d’ln'sn icsoaiclios arc of locout 
ilato, and have yioldod some intcreslinf>' rosnlts, wiiicli can 
1)0 tahniated as follows; 


fOWER CONKUMITION IN THE DlSTII.l.EKY. 


Ap|*:ii!il IIS. 


1. —Preparatory aiaish vat ; Maxiiiimn re<iniremoiit 

Minimum requirement.. 

2. —Sweet mash iiiinip an .] husk remover . 

ti—Malt crusher .... . 

4 —Water jiump . 

a.—Two coolers in the ferim nting vat. 

(1.—Potato washer . 

7.—Fee'l pump at ordinary boiler pre.ssure. 

5 —Feed jmmp at maximum boiler pressure. 

il. -dreate.st total load ujion the steam engine. 
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'^riie power eonsniiiption of the inacliines varies with 
tin' nielhods of optnalion and the loads to which the appa- 
latns are snii.jeeted ami, es|)eeially, with the degree of eon- 
eentration of the mash. Consequently, tlu* totid load upon 
the power unit, nsindly a steam engiiu', tlnetnates accord¬ 
ingly. In cidenlnting the necessary sizt; of the steam en¬ 
gine, it is of importiinee, iihove all, to take into considera¬ 
tion the au.xiliary a|)paratns, such as grist mills, chaff 
cutters, threshing machines, etc. tJoslieh recommends the 
following sizes for steam engines for distilleries, if no 
auxiliarv ai)])aratns is to he operated simultaneously wdlh 
the distillery ap])nratus; 
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SIZE AND DIMENSIONS OF A STEAM ENOINE FOR A POTATO DISTILLERY. 


C’jipacity of tlic 

Uinniotor «>t 

St loke 

Itevolut loii.s 

I ntln iited H. P. 

lei niont nitir 

jMston 

in 

per 

at 85 pounds 

vatf' in iitiilloii''. 

ill im-hes. 

feet. 

nninite. 

presvurt*. 


0 

! o.s 

H)0 

0-8 

inr. 

7 

0.0 

150 

8-10 

500 

s 

1.0 

1 to 

10-12 

(wr> 

' 0 

J. 1 

12."> 

11-10 

750 

10 

1.0 

111) 

1S-20 

1,000 

It 

1 t.l 

100 

!.>l-'20 

l,:>r)0 

12 

1.0 

too 

:!0-;t 1 


Tf auxiliary ajiparatns are simultaneously o|icratocl, 
the iiowei eoiisumptioii should lx* increased by '2 to 4 
horse-power I'oi- the grist mill, I'or the ehal't' cutter 1'- 
horse-])ower, and for tlie thresliiug uiaehiiie (i to 10 liorse- 
) lower. 

V—COAL CONSUMPTION IN A DISTILLERY. 

The ineostigations made at a largo number of distil¬ 
leries liy the Association of S|)irit iMaimfacturers of tier- 
many have shown that the coal eonsum|)tion may vary 
largely, even in plants of eipial range of luoduction. I’he 
coal eonsumplion is deiiendmit u)ioii the si/.e of the vats 
and the number of mashing ojierations, iijiou the (juality 
of the fuel, upon the excellenei' of the boiler, grate appa¬ 
ratus, and the st<>am engine, upon the methods of working, 
and the distilling a]iparatus in general, and finally upon 
the expertness of the firemen, the method of tiring the 
boilers, and tln^ general economy of opeiation. According 
to (losliclpan expm t fireman, who thoroughly understands 
his business, is able to effect a great saving in coal over 
that used by one less familiar with the best methods of 
firing boilers. It xvould a])])ear that modern distilleries 
with boilers of ]iro])er size, rc(|uire, inclusive of mechan¬ 
ical vat cooling and heating but exclusiv'e of the reipiire- 
ments of auxiliary ajiparatus, the following iiuantities of 
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Koud, liard foal, willi a hoating value of about Id,1)00 
B. T. U.: 

COAL CONSU.MPTiON OF POTA'l'O DISTILLERIES. 


Capucity of 
f)to fenueiKmjf 

Sniyl<‘ 

Twofold 

Threefold 

Fourfold 

\ ul-s. 

* tpoiTH ion. 

Operation. 

Operafioii. 

< ipenition. 

(jalIoii.«. 

PoiiimI'^. 

_ 
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PooihIh. 

■*()•"> 
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oTo 


‘MM) 
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!MH> 
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X75 
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'i.o^lo 

.1,0t>5 




•i.S70 


1 

1,0 

lo 

.!,o;!0 

4,:loo 


Large di.stillerie.s, or plants iu wliieh tlie lua.sliiiig o|)era- 
tioiLs are frepueiitly |■(‘pealed, reipiiie pi'opoitiouately 
.smaller (|uauliti(‘.s of coal per unit of vat eaiiaeity than 
tliose iudicated iu the table above. 

VI. - THE INVESTKiATlON OF THE SWEET MASH BY 
SACCHAROMRTRY. 

Tbe .saeeliaroini'ti'ii' iiive.stigiitiou of the luasli is based 
upon the determination of the specific giavity of tbe mash 
liiluid by iiDains of a h>'di'ometer. 'I’Ik* graduations of the 
latter coii'espoud to the sj)e<'ific giavities of pure sugar 
solidion.s, and tlierefor(‘ the instrument is chaiacteiized as 
a saceharometer. Tbe devici* was hist introduced into thi* 
distillei y by I b'nnbstiidt, aiul later by Ibdiing and I’rix; 
sometimes the vahu’s resulting from the usi' of the sae- 
charometei' are given in “degrees Balling.’’ 

The ]irincii)lp of the saccbaiometer de])ends upon the 
fact that sugar solutions possess highei' specific gravities 
than water, and that the higher tbe diygree of concentra¬ 
tion of the solution, the higliei' is the sjK'cihe gravity. A 
cei'tain content of sugar in a solution corresponds to a 
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<k'liiiitc> si>c‘i‘ifi(‘ gravity, aw van he seoji I'roiii tiiv tabic 
below. 

I<\jr tiic doteriiiination of the siteeifie gravities, a glass 
bydronieter is eni|)loyetl, wbieli wben plaeetl in a li<|uid 
sinks more easily into a ligbtei' fini<l tban into a heavier 
one. Every body immersed in a li(|nid loses in weight a 
etatain amount eori'es))onding to tin* weight of the li<|uid 
dis])laeed. If a body of this eharaeter is immersed in a 
thiid of a certain si)Ocific gravity, it loses less in weight, 


TABLE KOR COMPARINO THE .SPECmC (IRAVITIES OF SUO.AR SOLUTIONS 
WITH THEIR SUOAR CONTENTS AT 17.6' f. OR (13.6° F., 
Ae<'OUI>lN<i TO BALLINO. 
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01 
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02 
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4 
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21 
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04 
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5 

1.0300 
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05 
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(> 
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07 
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8 
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08 

1 2282 

!l 

1 .030:: 

30 

1.1317 

i 

1 3374 
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and eonsec]uently sinks more deeply than in a fluid of 
higher sjieeifie gravity. In the latter the loss in weight 
is greater, and the body conseijuently sinks less deeply as 
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it is j)i'oj)Oi'tioiiato]y lighter. The depth of iiniiK'r.sioti of 
a hydiouieter, such a.s is illusti'ated in Fig. 


42, is in proportion to the eoneentiation of 
tile sugar solution, so tliat it is possil)le to 
<‘stiinate tlie sugar content in tlie solution 
lioni tlie degiee of tlu^ inunersion of the 
instrument. 

.\s tluiils exjiand under tlie inlluenee of 
heat and contract when suli,ieete(.l to colder 
temperatures, tlieir speeilie gravitiis vary 
with these* conditions, and the d(*t(*rmina- 
tion hy means eif the saeeharomet(*r must, 
eonseipiently, he made at a detiniti* tem¬ 
perature, usually .■)!» or ti;!..') l-\. which is 

known as tin* noi'inal temp(*rature of the 
instrument, oi' the* actual results must he 
calculated to this normal temiieiature. For 
this reason, saeeharometeis which ai'c in¬ 
tended for moi'c aeeuiate ine’estigations are 
usnalfv pio\-ided with thermometei s. 'i'he 
graduation of tliesi* tli(‘i-mom(*ters always 
indicates in te'iiths of a per cent how much 
niu.st he suhtracte‘d fiom the actual lesidts 
at lower temperatures, and how much must 
he add(*d if the temperatures arc* higher. If 
the temperature do(*s not correspond with 
the normal or standard te'mperaturi* of the 
instrument, the rc'sult can he corrected hy 
means of Steinheil’s tahh* gieen on next 
page. 

For examiile, if the inv(*stigation at dO" 
F. giv'cs as result 2(l' h> saccliarometer, to 
determine the c'ontent of extract at a t(*ni- 
perature of 15.')' ('., the* sae*charomet(*r 
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leading must first he corrected hy adding D.tidT, which is 
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K1KIKHKII/S TABLE FOR THE CORRECTION OF THE SRECIKIC ORAVITY 
AXH CONTENT OF EXTRACT IN MASHES AT VARIOUS TKMI’ERATURES. 


Si)ecilio yruvity nt 
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louiiil ])y siil)tiactiiif>' irLo I'rom ,'!() and iiiulti|ilyiii,<>' tlii' 
result, Id.;'), li.v ().044(i. 'riic specific j^ravity conespoiid- 
inj’- to 20" liy saccliaroinetei is 1.0,SSO,'), and this must lie 
<-onected liy addinj'- to it 0.00270, Avhicli is I'ouud by suli- 
tiactint^' 17)..'i troin dO and multiplyiiij;' by O.OOObS.S. 

'I'he sai'cliarometev can not, of course, be utili/.i'd for tbe 
investigation of nia.sbes Avbicb contain spent grain and 
busks, and in this case the investigation must lie carried 
out in a mash filtrate, d'hi' tilti'r devised by Delbriick is 
largely used for pre])aring the filtrate. j\s eva))oration 
must be avoided during filtration, this 0 ])eration eannot 
he conducted in the ojien. The woven bags, which are used 
for filtering, are thend’ore Imng in metal cylinders, as is 
indicated in broken lines in Fig. 4d. The mash filtrate 
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I'olloels in tlio lower |)ar(s oJ’ iliese cylinders, and can he 
willidrawn tor inveslifyation tliroiiftli cocks ])rovided at 
IIk; hottoin of each. 'I’lie mash filti'atc is drawn off into 
suitable glass \'essels foi' th(‘ |)Ui-))Oses of the test. 

'rile inv(‘sfigation of the mash h\' means of the sac- 
charometer yields correct results as far as the content of 
sugar is concerned, if sugai' alone is coiuained in the 
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masli liquid. However, tlu' latter contains other sub¬ 
stances, albuminous bodies, amides, (>tc., and these not 
always in unifoiui quantities. In mashes from potatoes 
veiy rich in starch there are hut !)0 parts of sugai' in every 
inn ])arts of extract, in those from potatoes jioor in starcli 
but .SO parts of sugar, in corn mashes about 9o. and in ryi' 
nia.shes about S.o. Thus the results of the saccharonieter 
readings are not absolutely correct, but for comparativ'c 
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j>inii(c<c8 liiis instriiiiieiit is midoublcHlly a vory useful 

1 lai ticulai ly I'or (b*toi miuiiin' the (|uautity of fei- 
nieiiteii sugai. as that [lavt of the iiuisli extract wliieli dis- 
appeais durin,i>' ferinentation eompri.sc's, necessarily, ter- 
ni(uiiai)le suhstanees oidy. I [ejiee it would appear that 
tiie saeeharnineter is useful rather for eonpiarative <le- 
lerniiuations than for absolute' r('sults. For the latte'r i)ui- 
j)os(‘ it is appi'oxiniate. For instance, it nia>' lie assumed 
that on an average So jier cent ol' tlie sac<‘hai'onieter read¬ 
ing' in potato niaslic's is c(ani)os;(I of l‘einientable sub¬ 
stances. h'inally, it nia>- be said that from Delbi'iick’s 
invcstinations witli swec't masln s. it would ajipear tliat a 
clear masli fluid should not be' used, but that the liepiid 
which residts from a siuyle fill ration ami is still sonu'- 
whfd turbid should be tested. it is trm> that turbid tib 
trates of this character i>i\'e somewhai hii>'h<'r results, due 
to the fact that the liepiids contain certain (piautities of 
andissoK'cel stai’ch, which duriuc- b'ruu'ntation are* e'OU- 
\'<'rted into snaar by tlu' a1‘ter-action of the diastase'. 

VII. - OTHKR TESTS FOR THE SWEET MASH. 

It is of imtiortaue'e tee ase'ertain whether the su^ar for- 
matie)U in the- swee't umsh has j)ro.i>'i-esse»el luoieeuly. h’eer 
this piii|iose the' iexlitu' solution aflorels simple' anel e tfe'e*- 
tive means. mash, whieh has be'e'ii cenuieletely sace'hari- 
tieel, should e'vieh'Ue'e' no dise'eih)! atiou whate'ver when te'st- 
('e.l with thf' ieeeliiu' seelutieen. A\ hen diastase' ae'ts uieem 
stare'h, the' lattei' e'ithe'r remains uutin.a'eel by the' iexlieie 
solutiot! eer the' Iblleiwiuj!: elise'e)loratie)us, in the order 
iiauie'e!, are ]ueediu'eel; blue', vieelet, reel; these? correjspeeml 
to tli(' e-eeloiatiou given to the' seeluble stare'h, oi- ]iarticu- 
larly, to the* elextrins, by the ioeline. If ;i mash shows one 
of tliese eliscolorations, it is certain that the* sugar forma¬ 
tion lias been incomplete, and has been retarded by some 
injurious agene'y. Tn this e-ase it may be assumeel that the 
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diastase lias l)een injured or lias not eompletely i’ullilled 
its iiurjiose. As nientionod liefore, it may lie tliat tlie dias¬ 
tase does not eoinpletc'lyeffeet the aftei -feniumtation ni'ees- 
saiy in eertain mashes for eonvertiiiR’ the dextrins into 
maltose, until it is in the* rermenting \'at. i^'or investiga¬ 
tory |)urposes, tile ((uaiitities of inaltos” and dextrin may 
also tie determined hid'ore and after tlu* conversion of the 
dextrins hy means of liydrochlorii' acid, by Kehling’s so¬ 
lution, assuming that a 20 jier cent mash contains aliout 80 
per I'cnt maltose and l’<) ])er cent dextrins. though with 
concentrati'd mashes the proportion of maltosi' to dextrins 
is somewhat smaller. However, the iodine lest is (piite 
sultieient for the purpose of the distiller, that is, as far as 
it proves hy diseoloration that the transformation of the 
starch or dextrins into sugar has not been carried far 
enough. ()n the other liand. it cannot h(‘ said with e('r- 
laiiily, that suftieient aetix'i* diaslasi' is still contained in 
the mash if iodine does not discolor the mash litpiid, for 
diastase-, afti-r it has eomph-ted its action, may hi- injured 
Ihrongh o\'(‘i heating. 'rh(>refor<‘, a test with regard to the 
active- diastase- in the- mash liepiiel is also ne-e-e-ssary. This 
e-an be- i-ariie-el out. ve-ry simply liy impasting 5 grammes 
e)f stare-h with 20(1 e-nbie- e-entimeters eif wate-i', anel aeleling 
b e-iibie- e-ciitime-te-rs of the- masli liepiiel afte-r the- paste-, 
wliie-h is formeel by e-ook-ing, has be-e-n e-oeile-el to abemt 
144 1’. I>y the aehlitieui of the- a ciibie- e-e-ntimeters eif 
the- mash liepiiel the' paste- shoiilel be- liepie-fie-e], almeist in¬ 
stantaneously, anel afle-r lialf an he)ur ieieline- slioiihl e-lTeet 
no elise-oloration whate-ve-r in the tliiiel. 

In te-sting with ieieline- the- mash shoulei be tiltereel 
through e-le-an e-eitton bags until a ))e'rfe-etly e*lear filtrate is 
obtaineel. 'I’lie filtrate, wliie-h shoulei he- e-eilel, is eiiluteel 
with elistilled water, and a few elrojis of the ieieline seilution 
are e-are-fully aeleled to it, so that it shows a yelleiw-reel elis- 
eoloratiein only. The ioeline solution should iireviously 
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1)0 diluted witli water. The fii'st soliibk' o()iid)ination 
roriiied ))y tli(‘ aetioii of tile diasta.se is amylo-dextriii, 
wliieli is eolored a violet blue by the iodine. At a later 
.stage of the foriiiatioii of this de.xtriii the discoloration is 
idmost laire violet. Wlien the auiylo-dextrin has been 
partially translorined into the next intermediate snb- 
stanee, aehroo-dextrin, th<‘ iodine effects a icd discolora¬ 
tion. Xo change is ])rodnced by tlie addition of the iodiin* 
solution when the conversion of the starch lias inoceeded 
so fai' that only aehroo-dextrin, malto-d(>xtrin. and malt¬ 
ose are jircxsent. 'rims, tlic maxinnim sugar formation has 
not. been reached with the ;ichroo-(h'xtrins, tliongh thes(- 
show no reaction with iodine. The starch transrormatioi^ 
is complete wlien the acliroo-dextrins have Ixam coin'ertix! 
into malto-dextrin and maltose. 1iowev(‘r, notwithstand¬ 
ing that thme is no reaction avIicti th(> iodine is adiled to 
solutions containing aehroo-dextrins, tin' value of the t(‘st 
is not imiiaireil, foi' it has been shown that wlimi the d(‘g- 
radation ot the starch has reach(>d the stag(‘ of tlii' forma¬ 
tion of the aehroo-dextrins. the inogress of the coincisior. 
to malto-de.xtrin and maltose is absolntc'ly certain and is 
<‘oinplet(‘d with rapidity. 

.Vt this point mention should be made of the fact that 
all the dc'vices for testing and otlnu’ purposes in distilla¬ 
tion, and all like a)i]iaratus, are useful then only when 
they aie absolutely reliable. In (termany, the Association 
of Sjiirit INfanufaeturers, as well as the Association of 
drain Distilleiy Owners and Oominessed Yeast Ylanufae- 
turers, whose inembershijis incluile practically all the <lis- 
tillers of the deiinan l*an])ir<“, has for thesi- reasons es¬ 
tablished a special insti'ument factory in Beilin. At this 
factory all cheeking aiiparatus, standard .solutions, and 
neces.sary reagents are prejiared ami furnished to the dis¬ 
tilleries after having been thoroughly tested by exjiert 
officials. The uniformity of the instruments and reagents 
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tliuru ])r<)du<'e(l is jilso of gieat iinportfuico, foi' by this 
MK'juis iinifoiiiiity ol losiilts in vaiioiis distilleries is in 
silled. 

I’diiiilly, (be neidify <d' the sweid ninsb slionid always bi* 
determined, not for tlie jiurpose of drawing d' linite eon- 
elnsions re^ardinj*- the 
swei t masli, but for tlu' 

]nir)»ose of eoni]iarin,y 
its acidity with that of 
tile fermented sour 
masb. During fermen 
tation tbeie is always a 
eeitain ineri'ase in acid¬ 
ity, due to tile aelivite 
ol'acid-forming bacteria, 
wliieli excite lactic acid, 
bidyi ie acid, and other 
acid lermentation. For¬ 
merly, it was customary 
to delm niine tbi' acidity 
ol till sour Ol' fer- 
menb'd mash only with 
out regard lo that of the 
svv(*et mash. Xow tliat 
W(‘ know that the sweet 
ma.sli contains ipianti- 
ties of acid Aai> ing be¬ 
tween eom|)ai at i e 1 \ 
wide* limits, a eonelusion of this nature can be drawn 
onl.\' wdien tin* increase of a<'id during fermentation is 
known. For this I'cason, the determination of the aeidit>' 
of tin* sweet as well as that of the sour mash is neees 
sary. d'o ascertain the acid eontmit of the mash, 20 
cubic centimeters of the filtered mash li(|uid are used, 
together with a standard solution of eaustie soda. The 
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ajiparatus wiili wliicli IIk' hivcstif'atioii is (‘Oiuliiotod is 
sliowti ill Fig'. 44. It coiniaisc's a liter flask to reeiovi* 
tli(‘ Sofia, solution, a luirelte, graduated in euhie eeiiti- 
iiietfU's and tenths of euhie eentiineters, which eau he filled 
to the zero graduation hy pif'ssing upon th<‘ rubber ball 
witli which the device is provided, a titration eu|) with a 
glass rod, aiul a pi))(>tt(‘ of l2() enbie eentiineters capacity. 

'Die investigation is carrit'd out in the following' man¬ 
ner: 'I'wenty cubic centimeters of the tiltm'ed mash ai'f* 
drawn up by means of the jiipette and emptied into tin* 
eup. By jiK'ssing' ujion the pinch cock of the Imrette the 
standard solution is alloweil to tlow out slowly, the liipiid 
in the cii]) being constantly stirred. 4'h<‘ standard solu¬ 
tion is atided nntil a drop of tin* liipiid takcm up with tin* 
glass rod no longer colors litmus pajier red, but leaves th(' 
liaper nnaltf'i'ial. The number of cubic centimeters of the 
standartl solution which has been used to neutralize' the 
inasli liipiid to this jioini, represents the di'gri'e of acidity 
of the investigated mash. 'I'itration may also bi' effected 
in another manner as follows: 'Twenty cubic centimeters 
of mash filtrate are diluted in the cup with distilled watei' 
and an* I'olored red by tlie addition of a few drops of 
litmus tincture. Standard soda solution is now c'uldi'd 
from till' burette until the liipiid becomes onion red in 
color, and the addition of one more drop causes a change 
to pure blue. 

One ciiliie centimeter of standard solnlion added to 29 
cubic I'entimi'ters of mash tiltrate represents 1 degreo 
of acidity, and corresponds to 0.(19 gramme of lactic acid, 
O.Ot! gramine of acetic aciil, and 0.049 gramme of sul- 
jiliui'ic acid in the filtrate. For instance, if O.fi culiic eenti- 
ineter of tlie standard solution was used to neutralize 20 
cubic eentiineters of the sweet mash, the mash ])osses.ses 
O.ti of a degree of acidity, or, as tliis ipiantity is eipiiva- 
Jent to .'!.0 in 100, the mash would contain .‘I X 0.0!) 0.27 
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jicr coiit (if liictie field. 'I'lie aeidity of llie sww'f iiiasli is 
diK^ eliifdiy to tlie siihstfuiees of field i(*iietion, lliougli 
tlioroiiglilx’ sound, wliieli firc' loiiiid iifiturfilly in potatoes. 

ISesides detfo inininf'' the proiiortionate eontmits of nifdt- 
ose and de\trins in the .s\v<“et nnish, it is of iniport;ui<‘e fis 
well, to fisef'i'lain tiu' (|n!intity of eiuhoh>(h'fd(‘s wliieh tliis 
contains. In jiifietiee the tlieoic'ticfil proportion of de.xtrin 
to nialtos(> is not fdwfiys attainc'd, find fieeoi'din.i’' to IJiiehe- 
lei’, it is even possihh' to olitain llie maltose and d(‘.\trin 
in tin* ])ro)iorlion of S to I, not\vitlistiindinf>: thfit the tlu'o- 
retieal ]iropoition is SO.t) parts of maltose to l!).l jifirts of 
de\lrin, that is, -t.lJ to 1. 

'I'o ascertain the content of cfirholiydrati's e.ipfdih' of 
I'ernientfition, the followinf>' method is recommended; 10 
grammes of tilteic'd m;ish fire dilntcMl to 250 enhie <‘enti- 
meters, find of tin* lattm- 200. corresponding' to S gifimmes 
of mash, fire inverted with 15 enhie centimeters of hydro¬ 
chloric field of 1.125 specific gnuity. d’lie whole is neu¬ 
tralized with a potash solution and dilntcsl to 500 eiihic 
eenti ueters. < )f tlii'se 50 enhie centimeters, corri'sponding 
to O.S gramme of the mash, are used for reduction with 
Feliling’s solution, d’he 50 enhie ('(mliuK'tm's of inverted 
mash are added to the freshly prepai-ed Fehliug’s solu¬ 
tion, and the yellowish-red cuprous oxide which se]iarates 
out filter the mixture is hoiled for a short tim(>, is filtered 
otf find washed with hot wfiter until the alkfdine reaction 
disapptais. I-’or tiltifitiou, tiltc'r tiihc'S provided with long- 
tiher ashestos held in ])erforated platinum cones are pre- 
feifihle. lifiuer recommends diluting the solution heforo 
filtration with douhle tlie (|Ufmtity of wfiter, and cooling to 
mold fi sllglit dissolving of the ash(‘stos hy the addition 
of the hot filkaline fluid. ddie euiirous oxide is fir.st 
waslu’d with Wfiter, and with alcohol and other to facili¬ 
tate drx'ing, and is then dried in a coppiu' drying ehamher 
at 2.'!l) deg. F. It is suh.se(|uently rialucod fit a moderato 
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touijicraturo in n (‘nrrcnt of liy(lrof>'c'n, aiul is allowed to 
cool in the same ennemt. d’he liydrojj:en is then diffused 
in tlie exsieeator, and liy eomparinj*- tlie weiftlds of the tube* 
hefoie tiltratton and after re<luetion, tlie w('i<?ht of metal¬ 
lic eoiiper is determined. 'I'he disKolvinf>' action of the 
alkaline eopjier solution ujion the asl)(»stos is liable to 
<-ause error, and to avoid this, the w('i,s>hts of the tube* 
after reduction and after cleaning with Tiitrie acid subse- 
<|U(‘nt to the washing with water, alcohol, and ether, and 
after drying, may he used, liy means of .Mlihn’s table, 
given herc'with, the' dextrose can he determined from the 
reduced cojiper. 'flic (h'tm niination of reduction is alwa.\s 
slightly inaccurate, because of the pres<>nce of |phosphat(>.s 
in the mash. I>y adding I to '2 cubic centinuders of a so¬ 
lution of subacetate of'lead to the mash, this eri’or can he 
a\’oided. liefori' th(> r(>duction is tdTected, the lead added 
in excess should lie )irecipitated with sulphuric ;icid and 
filtered off. 

Mxiieriencc* has shown that f’ehling’s solution is re¬ 
duced one-thii'd less by maltose than by dextrose*. .\c- 
e*oreling tei the investigations of Seixhh't, maltose* always 
se))arate>s the* same* ((uantilx’ of cuprous oxide*, and ae'e*orei- 
ing to his elete*i minations the'i e* is but erne* unilbrm jn eijie)! - 
tie)7i of redue-tiein ; with the* use* of a 1 pe*r e*e*nt maltose sei- 
lution, the* jireiportion eif leeluction lesulting is 11.‘! e*opi)e*r 
to 100 anhyelrems maltose. -\e*cording tee M. We'in, the* 
redue*ing pe>we*i- ine*re*ases as the .seelutiem is eiiluteel, anel 
with a 1 10 j)e*r (‘cnt seilution, the* ie*due*ing jiowei* in- 
<*reases to 1.10. We*in's table*, whie*h folleiws, is base.*el u]>on 
the abeive* investigatiems. If, fen* instance, 10 grammes 
eif the* filtrate eif sweet nuish ai’e* elilute*el tee 2r)0 e*uhie* ce>nti- 
meters, anel 2 ~) e*ubie* e*e*ntimeters eif this dilutee! filtrate 
yielel 0.101 1 gramme eif e*o]ipe*r with Fehling’s seilution, 
this weiulel rejirese-nt 0.1 (iH2 gramme* eif malteise, eir l(i.82 
pe*r e*ent ae-e-eireling tei \Ve*in’s table, as 1 gramme* eif mash 
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fillratc* lias Ihh'h nsod. As the jii’oportioii of maltose to 
dextrose is 10() to lOo..'!, the dextrose* value is 17.71 i>er eeiit. 
jf ad grammes of mash filtrate are diluted to 27)0 euhie 
(‘(*iitimeters, and of th(*se 50 are inverted and then diluted 
to 500 euhie eeiitimeters, and of the latte'r 25 are used for 
reeluetioii, yielding' say 0.222 gramme of eojiper, the de.x;- 
trose eonteiit, aeeording to Allilm’s fahle*, is O.ll-td 
gramme, or, as oul>' 0.5 gramme of mash tiltiate has lM*eu 
us(*d, 22.S() |)er e(‘tit of dextrose value. P.>' suhtraetiug 
the dextrose* valiu* 17.71 from 22.(S(), tiu* dextrose value* 
5.15 is ohfaiu(*d. .\s the dexti'ose value* is to the elextriii 
as 100 is te) 00, the ((uautit>' eif de*\triu, -1.02 pi'r e*ent, e'au 
he* ase'e*rtaiueel. 

It wemlel ajipe'ar of aelvaiitage to gi\'e* at this |ioiut the* 
me’tlieiel eef ))re*|)ai iiig Fe*hling'’s seilutiou. Feir this pur- 
|»e)se* pure*, |•e*ervstallize*d sulphate* eif eop|iei', le’eiehelle* salt, 
auel eaustii' soda are ue'ee*ssary. Disseelve* 17.'! grammes eif 
the* leOeh(*lle* salt with 00 gramme's eif eaustie* soda in ahout 
too eiiliie een1imete*is of wate*)', auel after the* seilutioii has 
lie*e*o)>ie‘ e*old, make* up tei 500 e*uhie ee*iitime*te*rs. Powele*!' 
.'>4.04 urammes of the sidphate* of e'eijipe'i' in a meirtav, auel 
elisseilve* in 400 e*uliie e*eutimeters of e*eilel wate*r. .\ehl 0.5 
euhie* ecutime'ter eil' e*e>iK'e'utrate*el .sul)ihurie* ae*id, auel whe*u 
the* seilutiou is eomplete* dilute* to 500 e*uhii* e*e‘Utimeti'is. 
'file* solutions shoulel he* ke'pt in sepai'ate* hottle*s, auel 
mixe'd in eepial \'olume‘.s whe>u the Pe'hling’s solutieiii is re*- 
quired. d’he* two seilutiems shoulel he* thoroughl\' mi.\e*el 
hy sludeiug, eir in any either suitahle mauiu'i'. In )>re>piir- 
ing them, pure* distilleel wate'r ;done* sheiulel he* useel, 
d\ve>nty-four to .'>0 e*uhie* e*e*ntimete'rs of h’ehling’s seilutiein 
e*e)ustitute a suitahle ejuantity for the above determiuatieins. 
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PART VIII. 

FERMENTING OF MASH. 

I.-COOLINO TO THE FERMENTING TEHRERATURE. 

W lIKlM'i ]ir(‘i)ai'!itoiy niasli vats with water eooliii^' 
are used, special methods of cooling are, of 
course, umie<‘essarv. In this case the cooling 
el’fect is obtained tiirougli the wat(*r in the cooling ele¬ 
ments, assisted hy constant op(“ration of th(> stirring 
ajiijliaiu'c, as it is necessary to cool the mash in one to 
om* and a half houis to a temperature of (ilT to (!(>’ f'., 
after the com]iletion of the sugar-1 orming ]irocess. 
Where, however, diret-t vat cooling is not available, 
special cooling apparatus must he piovide<l. In old 
distilleiies th<‘ surface coolei' oi cool-bed was used tor 
this pur])os(‘. 'I’he oldest foim of this device consistc‘d 
of a tiat, rectangular box, in which the mash was manu¬ 
ally worked for so long a pco iod tlait the necessary cooling 
was effected. 'I bis working consisted of constant Stir¬ 
ling of tile mash with wooden oars or rak(‘s. W'hen 
motive jiower and mai'hinery w.me introduced into the 
distilhn s', the cool-bed was altered ; it was then constructed 
in the shape of a Hat. lonnd \essel of sheet iron, and was 
provided with a stilling chwice wla-rewith the surface of 
tin* mash could hi' leiiewed constantly. By means of fans 
or hlowms a strong ciirrimt of air was forced over the 
surface of the mash to acciderati- the c\’a])oration ; by these 
methods the desired cooling was obtained if the air was 
cold enough. If, however, the air was warm, the cooling 
period either lasterl inordinatel.v long, or the fermenting 
tmnperature of (JO’ to OS’ F. could not ho reacherl, and, 
thus, it was rieci^ssary to allow the mash to ferinorit at loo 
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liij<li a teuiiiDiiitui'c ref>'ai(lk'ss ol' Oic tn-ils wliicli this 
hioii.nlit with it. 

'I’lit'sc iiic tli<‘ (‘auscs ot tlic disiipiKTiiitacc dT the cdoI-IkmI 
t'loai tlie (lislilhay. A turtluM' utisod I'oi- attaiKlinnii.i’' this 
inclhod ol’ cooliiif*' lay in tin lact llitd llic sarl.Tcc Itiycf ol’ 
Miitsh, wliicli Wits siihjoctod to coiittict witli the ;ttirios))lK'TO, 
ol' iK’cossit.s' took u|) Iroio llic :iii ,i;(‘iiiis wliich iodut.'od 
I'ortiiciitiitioii. I'lidcr I'.MVOijihlo ciitTiiiisliiiiccs tiic yoiist 
ooald doubtless overeoiiie tills coMhoniiiidion, hut if even 
the slis>'htesl intenuption oeeurred in the dex'elopinent of 
Ihe >'ejist, llie tileohnl yield wiis diminished eonsiderahly 
in eonse(|nene(‘ ol poor I ei nienttdion. 'I’lms, tilmosl witli- 
ont e.Neeplion, \vheu‘ Ihe imish is still cooled outside of tile 
mash i'ei men!iHi;' \':it, the eooliiii;' is e(fc‘eted with ( xelusioii 
of ;i1mos]ihei ie ;iir, closed eooleis hein^' employed. 'I’ln'se 
are idmost .all eonstiuetcd on the piineiple of eounter-eur- 
renl eoolini>', liist intioilneed hy Liehi,i>, wheiehy the S'l'Ccd- 
est possible' utiliztition of the eoolini; w;iter is ohttdned. 
d’ht' best known systi ms id' tliis kind tire tin' tulie eoolms of 
Nayeli, I’aiu'kseh, Xhmuleth ;ind lallenher,“(‘i', iind the late¬ 
ly de'-li’ued I'niverstd ('oolinj-' :md liejitinfi' .Xiiptnatus of 
Bohm. ’’I'he hist can also he nsi d for heiitinj*; fluids, and 
for this reiison, has hetm ( niployed successfully for pi'<‘- 
heating’ elejinsing itnd boiler feed wtder by metius of 
the fermented or sjieiit wort. In genertil, these cooling 
aii|)arjttus are used more fre(|Uently in distilleries 
which work with jittenuiited imishes iind worts tluin in 
those using eoueentriited nuishes. In the latter they 
are' still useel of necessity, esiieeiall> in large' )>lauts, 
where it is elesirahh' tei reiide'r the' mashing apiiaratus 
availalile for suh.se'eiue'iit eiiieratiems as raiiielly as peissihle, 
aiul they are usually cmpleeye'el iu e'emneetion with a num¬ 
ber of steamers. The' wate'r e'emsumiitiem eif these' tuhe^ 
e-eiolers is ahe)ut 1 1/h‘> tee 1'^. galleens e)t wati'i’ at 5-f 1’. 

lor each galleui eef uiash e'oejied. 
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'I'lie I roiiisclu’l s]>ii)il iiiasli cooler also (Icsima’cs men¬ 
tion. "I’liis is ])rovi<le(l with a iiii'tal spiial screw located 
in a tnl)-likc trouj>h. .d’lic screw <li'i\’cs the cooling' water 
In a dirccti(»n o]iiK)sit(' to the enrrent of the mash, and as 
the tioufili in addition is |irovidc(l with donlilc walls, (d'- 
fcctivc <‘.\t(‘rnal coolinf>' is ol)taincd Iiy means of it. d'he 
eoolini>’ is inodueed not only hy means of the water, hnt 
throngh ( wiporation as well, so that with regard to its 
water consumption the llentseh(‘l aii])aratns is a vei'>’ eeo- 
manieal d('vi<-e. 

Still more (‘ffeeti\’e ari' the sluieini>' coolers, based on the 
jii inei;)h' ol' air and water eo<ilin,i;'. ddu'sc" ar(' snee(>ssfull>’ 
('mplo,\e<l in a f’ r(‘at nmnhei' of distilhn ies for eoolin,i>' 
worts and thin oi' atteimate(l mashes, d'he eoolini>- efti- 
eieney of tlu'se appaiatns is hij*'h. I^'or (‘ffeetive opera¬ 
tion, uniform sluicang' or spi iid<ling' aJid suitable form of 
the eoiilin^' elements ai'c of ,i>'reat importance. d'iiesi' 
eoohns, Ida- the tidie coolers, are not adapted foi’ th(> ef¬ 
fective e()olin<>- of eoneentrat('(l mashes. 

'riie eoolintf a|i]iliane(“ in all mochnai installations is 
located preferably in the mashinj>- apparatus. ilan:pel 
Jirst intiodueed this system in the fore-mashin,i>’ \-at de- 
siyiietl b\- him and described in a piex’ious section, d’lu' 
foiins of construction ol' th(‘ coolinj; devices differ widely 
in th(‘ vaiions mashin,i>' a]i|)aratus liuilt by tlie difffnent 
manufaelurers. (Jemnallv, cooling pockets, coils, or 
straight cooling tid)es are used. Ordinarily cooling tubes 
or coils are now gi\'en th(> preference because of theii’ 
sim])le construction and (aisy cleansing, especially if tluyv 
are so designed that they can be taken apart, or <>an Ix' 
eleajied without diffieully by means of a chaining lod or 
brusli. The best material foi' tlie cooling ajipaiatus is, 
witliont doubt, eop]i(>i'. 'Phis metal is to b(‘ recommended 
not only foi- its sinierior cooling (|naliti('s, but because of 
its gieat durability as widl. It is su]K‘rior even to th(‘ 
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best (‘ast ij'on I'or this ])nr|)()se. Furtheiiiiore, the eoppei- 
ol' woni-out appaiatuK is always of eoiisideiable valut*, 
whereas ir(jn is eoiiipaiativel>’ woifliless. It itiay he said, 
with regal'd to 1h(> water eoiisuinptioii of a )>r(*))aratory 
liffashiiif;' \'al provided witli efficient coolin^' apparatus, 
tliat as a rul(‘ 2 ,gallons of watei' at a teinpcuatiirc' of 50 
to 54" f\ aie lu'cessary for each j^allon of mash. 

It is claime(l tliat by means of ('eilain sp(‘eiai vats it is 
possible to effect the coolina,- in om half to three ipiarters 
of an hour. I’robably this can be accomi)lishcd only, how- 
<'\-er, with the use of vmy cold water in winter. As a 
lulc, it lak(s from one to one and a (piarter hours to cool 
lh(‘ contents of the mashing- \’at to (il to O.T F-, with a 
water consnmi)tion of 2 aaHo"^ "I' water at 50 F. for 
each .gallon of mashin,i>' capacity. 

'I'iic opeiation should be in ae'cordance with the follow- 
in,a; re.i’ulations, i-eeardless of the t,\ pc of tlie cooliiiii' 
apparatus used; d’hc coolinj« must be eff(‘cted without 
)h(‘ consumption ol e,\c(‘ssi\(‘ power or water, and in a 
comparati\( l>' short time. Xo decomposition of the mash 
should occur duiitii*' cooling, 'flic construction must be' 
sue'h ihat the' apjearatiis e’an be* e'le-anse’el witheuit eliffie'ulty, 
in eireler tei aveiiel the' tiansfe'r eif Icrme'nts tee the' iolleiwing' 
mash ley aelhe'rin,i>' re'innants eit jere vieeus maslu's. In e-eee)!- 
in.a,’ the' mash the' he>at is transferi'e'el tee the atmeisphere! by 
ceejielue'tieen anel laeliatieen. and this tiansler e'an be' assiste'el 
thiem,t>h e'xapeeiatieui by leseirtiii”' tee see-e'alleel air-e'eeoling'. 
The' e'eeeelinf;- e>f the mash e-an be effe'e'teel by the te'inperature 
lowe'iin.i'- effe'e't eif e'eelei wate'r; this is kneewn as water- 
ce)e)lin,ii'. d'lie' mash e-an alse) be* e-eieeh'el by e'eendeineel air 
anel water e-eieelin^-, anel by tlie- ap|ilie'atie)n eef ice to the 
mavh. 

Inetividual elistilleries wbicb e'ontinne their eeperations 
te) the warmer seaisem, anel utilize river or peenel water feer 
e'eieilin.i*’, nee'essarilv e'enjihey ie'e- te> aiel in e'eeeeliiifj'te) the' fei'- 
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n)ciitiiij>' tonipcratuic. hi iiMiiit*' icc il iiiUKt not be placed 
in direct contact with tlie niasli, as the latti'r is diluted and 
may he contaminated by tlie ice. To ax’oid these dangers 
floats ol' sheet imdal, to carry the ice, are placed in the 
mash. It may ))(‘ said witli regard to tlie (piantit>' ol' iei' 
nec(‘ssary for cooling that 1 pound of ici* in melting ab¬ 
sorbs enough lu'at to cool Ttt.lio pounds of water thiough 
1 (’. or l.S” F. In practice', th(> cooling (‘Crect is less 

than this theoretical value; thererore a greater (inantit.v 
of ice is necessary. H\pei-ie'n(*e has shown that to cool 
l.dtlO gallons of mash at St!” F. to oh' F. about l,()7h to 
l,7l!h [xmnds of ici* are* re(|uisite'. d'lius, it would appear, 
that the use of ice can 1)(‘ recommended in case of ahso 
lute necH'ssity only. 

II. ALCOHOLIC FRRMRNTATION AS IT IS UNDRRSTO D 
TO-DAY. 

1 nder tlie term ah'oholic fermentation we undeistand 
the decom]iosition, induced by yeast, which certain varie 
ties of sugar undc'igo, whei’eby the sugar is split u]! into 
alcohol and carbonic acid in accordance with the eipiation 

('„ll,,()„ :2(’(), i 1' C.dlJ) 

SuKUi Carboiiu- 

Acid 

From this c(|Uation it would seem that in alcoholic fer¬ 
mentation tin* sugar is smoothly split up into alcohol and 
carbonic acid; such, howexer, is by no means the case, as 
yeast is an organism which consumes sugai for its nour¬ 
ishment and projiagation and also convu'rts sugar into 
other substances besiiles alcohol and carbon ilio.xide dur¬ 
ing its metaholit' ebanges. ('onseipientl.x’, only about !t4 
to h,j per <‘ent of the sugar is, ou an average, converted 
into alcohol in accordance* with the fermentation form¬ 
ula. One hundred jiarts, by weight, of sugar, split u]) di¬ 
rectly' into alcohol and carlionic acid, would yield .51.11 
parts of alcohol, and 48.8!) parts of carbonic acid. 
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Alcoholic fenncntatioii is not the only one which comes 
into (|uostion in s])irit manufacture; for certiiin reasons, 
as will appear, lactic acid fermentation is ])ur])osely ex¬ 
cited. Furthermore, aj>ainst the will of the distiller, buty¬ 
ric acid, aceti<* a(*id, and other fennentations ai'ise through 
the introductioTi of the corrcspondiiif? fungi, and these 
unwelcome af)pearances materially decrease the alcohol 
yield under certain conditions. Thus, we are, of neces- 
sity, compelled to deal also w'ith these fonns of fonnenta- 
tion. 

Ill—THE HISTORICAL DEVELOPMENT OF OUR KNOWLEDGE 
OF ALCOHOLIC FERMENTATION. 

The production of fermented liquids for drinking pur- 
])oses, dates hack to the days of the ancients, notwithstand¬ 
ing that nothing was known of tlu* nature of fennentation 
and the fernumtation ])roducts. The alchemist Basilius 
Valentinus fiist rc(‘ognized in spirit of wine the chief 
])roduct ol fei'inentation. Van Helmont, a chemist of the 
seventeenth century, ohs(*rved that fermentation uniforndy 
produced a certain gas now known to be carbonic acid, 
though he was unable to determine' its nature and char¬ 
acteristics with the chemical means and knowledge then 
available, ddie same intelligent student also showed that 
the ferment (feniioifuni) was absolutely necessary in 
order to induce fermentation, d’bc (Jermau lebysician and 
chemist Becher, KiOP, regarded fennentation as a ju'oeess 
similar to combustion, and stated that the different varie¬ 
ties of sugar only were capable of alcoholic fennentation. 
Toward the end of the seventeenth centuiy, Stahl promul¬ 
gated a new theory of fermentation, which obtained for 
niany years. Ife declared that fermentation and putre¬ 
faction were analogous processes, and that the former was 
but a s]>ecial fonn of the latter. The organized nature of 
yeast was not definitely established until 1836 , through 
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the observations of a Preneh chemist, Cagniard de Latour, 
and simultaneously, though indeimidently, through the 
investigations of Schwann in (lennany. Liebig, however, 
(|uestioned the correctness of this view and declared that 
it was a question of ])ure chemical decomposition, a cataly¬ 
tic process, which could also bo effected by unorganized 
bodies. Ilowevci', these investigations were soon con¬ 
firmed by others; Kiitzing proved the existence of the 
vinegar bacillus, so that the scientists of that time, includ¬ 
ing Liidersdorf, Balling, Kaiser, and Trommer, conceded 
the truth of the new teaching. The si)ecific characteristics 
and the organized nature of the yeast were closely studied 
in Prance by Pasteur, wliose investigations ])rov'cd that 
yeast nourislies itself, grows, and imu'eases like many 
other plants, and these investigations of Pasteur were con¬ 
sidered to dis])rove Tjiebig’s theory completely. (Conse¬ 
quently, fermentation came to be considered a pro<-oss 
caused by the organic functions and the life of the yeast, 
that it began and ended with the latter, and that it was 
not a mere simple chemical decomposition. 

E. Hansen materially advanced our general knowl¬ 
edge of fermentation, and his investigations (“inbraced 
the raori)hological as well as the physiological and biologi¬ 
cal behavior of the yeast varieties which appear in the 
processes of brewing. His researches proved that wild 
races of yeast cause certain of the so-called beta' diseases 
and that these were not, as formerly sui)])oscd, due to bac¬ 
teria alone. By means of pure yeast cultures he closely 
investigated the character of the diffeient vaiieties of 
yeast, and he based upon the results of his observations a 
system of yeast analysis with regard to the kind and 
nature of the spores, which is of great imi)ortanco. This 
system of analysis resulted from cultures which Hansen 
obtained from a single yeast cell, and in which he studied 
the physiological and biological proirerties of the organ* 
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ism. He showed, further, tliat there are different races 
of yeast, that tliesc separate lactes furthermore embra(*e 
different varieties wliich possess constant proiiertics, and 
tliat tliey retain these iiroi)erties as long as they are culti¬ 
vated under the same conditions. It is <lue to Hansen’s 
work that we are now able to isolate definite races of yeast 
which i)roduce definite ])roducts of fermentation, and im- 
jiart a definite course to the fermentation. By this use of 
jiure yeast cultuii's absolutely uniform products of fer¬ 
mentation are always assured if suitable fennentiug con¬ 
ditions are maintained. 

'^rbe view which obtained after Basteur’s investigations 
W(>re made ]niblic was held almost univcnsally until within 
rc'cent years. That is, until K. BiK'hncr showed, at Ber¬ 
lin, that an expressed iic|uoi- could be obtained by me¬ 
chanical means, strong hydraulic pressure, from commin¬ 
uted yeast cells, which, 7iotwithstanding that it was passed 
through liltcrs absolutely ini)H'rvious to bacteria, and ivas 
treated with substancis w'hich completely destroyed the 
jilamia, <'ould nevorthek-ss excite feriuentation. This in- 
\'estif;ation proved that an unorganized substance effects 
the <h>coniposition of tlu‘ sugar into alcohol and cai'bonic 
acid, and that Liebig and others wcie coi rect in d(*claring 
that the decompositioji of the sugar was itin; to an enzyme. 
W'e must now concc<le that the yeast is but the oi'ganisni 
which )>re])ares the sugar-decomposing enzyme, the zy¬ 
mase of Ifuchner, which sifiits ui> the sugar into alcohol 
and carbonic a<‘id. Nevertheless, the zymase which is sep¬ 
arated from the yeast cannot I)e used for imrposes (>f fer- 
numtation. 'I'lu' sugar enters the yeast coll, and is there 
decomi)osed by tbe zymase. 

Yeast is not tbe only organism which possesses the 
<‘haracteristic of producing zymase; many fungi, includ¬ 
ing mold fungi, have this proi)erty. Plants of higher 
organization also possess zymase, though to a slight de- 
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p^J ec. The losses whieli stored potatoes and beets undergo, 
oven with tlie exelusion of the air, are due to internal fer- 
niontation. (Ireen malt also evidenees fermentation, es- 
lieeially when worked in thick, warm heaps or couches. 

IV—YEAST THE EXCITER OF FERMENTATION. 

Idle yeast fungus of the heer worts and spirit mashes 
belongs to the saccharomycc's, and because its existence 
was first demonstrated in heer worts, it is known as 
SdcrJtdroiiii/cv.s rercrididc. It comprises mono-cellular 
units; each cell is envelopeil by a firm meinhrane, which is 
comiiosed of delicate fungus cellulose. The cell contains 
the ])roto])lasm, a tine viscous granular juice; the cell juice 
is indicated in the interior of the cell by one or more light- 
colored zones, vacuoles, wdiich are circularly dcmai'ked. 
Young, vigorous cells contain one vacuole, while older, 
weaker cells contain several. The vacuoles should he 
clearly ilefined and of fair size, neither large noi’ small. 
If the vacuoles are harely percei)lihle the yeast is i)i’ob- 
at)ly too young for use, and, on the other hand, it is a sign 
of exhaustion if they aie too large. Recently it has heen 
shown that in many cases each cell jmssesses a nucleus. 

The pi()])agation of the yeast occurs in different ways. 
Fii'st, vcg(“t!dively, through ])rolificatioii or tlu* formation 
of turrion spawn, and secondly, by fructiticatioTi, through 
internal, endogenous si)ore formation. The first method 
of ))i'opagation takes place when the >'east is found in fer¬ 
menting li(|uids—it is the one which occurs in spirit 
mashes and beer worts—and it proceeds as follows: The 
parent coll at some iwint of its surface produces a projec¬ 
tion which gradually grows to the fonn and size of the 
iiarent cell itself. At tlui poiiit of junction a little ])arti- 
tion wall is fonned, which divides the ])arent cell and the 
bud or sprorrt. At the same time, the area of attachment 
begins to tlecrease, owdng to the constriction and separa- 
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tion of the membrane at the base of the cell formed from 
tlie bud till, at length, a very slight strain is sufficient to 
detach tlio new cell from the parent cell. In many cases 
immediately after the separation of the new cell from the 
l)arent cell, a new bud is produced at the same j)lace, for 
there the cell wall is thinnest and most elastic. On the 



Fi(i. 45.—Gmnvixo Yk.a.sit Cet.ls Siiowimi S<)i 'kuose Acc.uKr.ATioM.s, 1 
-A.Mi Aiiii op R.aci-: II., AND 3 i.s OP A Co.Mri!i:.‘<SLD Yeast. 

other hand, any jioint whatsoever on the surface of the 
parent (‘cM is capable of ])ro<lucing a bud. According to 
the variety of the yeast, the cells t'ither sejtarate (piickly 
into individuals, or a,ggrcgations or chains of spoies are 
formed, hiach newly-formed cell at once i)Ossesses the 
ability to act as a. mother cell, and to ])roduce sprouts 
or buds in turn; under favorable climatic conditions a com¬ 
pletely develoiieil bud cell can b<' formed from the parent 
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cell within a (luarter of an hour, and a small number of 
yeast cells is suffii-ient to fill completely a large mass of 
licpiid in the short time of a few days. (In the other hand, 
the <!ontinued rejiroduction of the yeast also has an upper 



Fi(i. 46 .—Loose AcdREOATToxs of Bottom 
Bekr Ykast Cells Aftfu 24 Hours. 


limit, and it is impossible to form more than a certain 
definite ([uantity of yeast masses in a certain volume of 
the fermenting ]i(piid. 

Under i)roi)er conditions of cultivation, the spores ex- 



PiCi. 47.—A Later SrAt.E of Den elopme.nt 
OF THE Yeast Cells Shonnx in Fio. 46. 


hibit peculiar characteristics, by means of which they can 
be distinguished from each other, and wliiidi detennine 
the race of the yeast. Thus, Lindner has recently found 
tliat in cultivating yeast in so-called “drop culture,” most 
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of tlie compressed, top yeasts (baking yeasts) grow in 
squarrose aggregations, while others, such as tlie distill¬ 
ing Yeast Race IT and all bottom, beer yeasts, grow in 
loose, slightly-connected masses. These different types 
of development are of great value in the biological analy¬ 
sis of mixtures of yeasts. The characteristic api)earance 
of growing yeasts in squarrose and loose aggregations is 
shown in Figs. 45, 46, and 47. 



Fici. 48. —Cklls of 12 Diffkbe.n'T VAriiKriKs of Mold Pu.nci, Accobdino 

TO IjINDNEB. 


IT]ion the surfaces of standing fermented li<iuids covers 
or membranes sometimes appear wliich may be fungus 
fonnations, due, for instance, to mold fungi. It has been 
shown, however, by Hansen, tliat these covers may also 
consist of peculiar forms of sacchar'omyces. As a rule 
they tend to form long cells, as illustrated in Fig. 48. 

The second process of reproduction is that of fructifi¬ 
cation, in which spores are fonned in the interior of the 
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yeast cell; this is called endogenous spore formation. The 
sjiores are characteristic of all true saccharoinyces. As 
bases for the forming si)ores, round ])lasmic bodies ap- 
])ear in the cell and form enveloijcs, so that usually two 
to four of these spores, sharply dcmarked, are discern¬ 
ible in the cell interior. This is shown in Fhg. 49. In 
spore formation it is necessary that the yeast cells be 
young and w(‘ll-nouri.shed, and, furthermoi'e, that they be 
pro])erly spread out upon a moist iiase or sup])oi’t yioor in 
nitrogen, such as slices of sweet fruit, or sterilized blocks 
of plaster of Paris, with sufficient access of air. The 
time or duration of the spore fonnation at a certain tem- 

j)crature varies with the dif- 
yr-v ferent varieties of yeasts. 
y>, ^ vj ) This iihenomenon inovides a 

means foi-distinguishing the 

® e%Jn) ^ varieties, according to Jlan- 

Of yeast cells in 

( ) which s])ores are forming are 

„ , „ introduced into fermentable 

Fie. 49.—SroRi-. Fon.Mi.Ne Yeast . 

Cells. Inpiids, the s|)ores b(‘gin to 

swell, burst through the walls 
of the ])arent cell, and thus form buds. Yeasts also grow 
ipion solid sujiiiorts such as gelatine. If even a veiy 
small quantity is imiilanted upon the su])])ort, large aggre¬ 
gated masses ar(> gradually foi'inial from it, which are 
characterized, according to Lindrer, as giant colonics. 


-Sroiii. Fon.Mi.Ne Yeast 
Cells. 


V.—PURE YEAST CLLTIVATION. 

From a ]iractical standpoint, the saccharoinyces are 
divided into two classes, cullivat(‘d or artificial yeast, and 
wild yeast. The latter partially lacks the ca(>acity for 
endogenous sjiorc formation, while the true saccharoinyces, 
the culture yeasts, all possess this characteristic. The 
culture yeasts jiossi'ss the ability, evidently ac((uired 
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through long processes of evolution, to split up sugar with 
great energy and rapidity into alcohol and carbonit^ acid, 
even in concentrated solutiojis. It is tnie that among the 
wild yeasts there are certain races which possess this effi¬ 
cacy in a high ilegree; hut in general they an' inferior to 
culture yeasts in this respect. Among the culture yeasts 
there ari', as Hansen has shown, certain dcffiniti'ly char¬ 
acterized varieties, w’hieh ar(' subdivided into nu'cs, and 
these races ])ossess in a high degree the ability to form alco¬ 
hol by decomi)osing sugar. ’^I’lie characteristic has been 
thoroughly developed, and has Ix'cn handed down by the 
yeasts from generation to generation, 'riierefore, in con- 
s«'((ucnee of the |)i'ogress sciciK'c has made in the fermen¬ 
tation industry it has be<‘onu' customary no longer to ef¬ 
fect the termentation through any kind of yeast chosen 
at random, but instea<l. to use foi' this pui'pose some ])ai‘- 
tieular yeast race of well-known characteristics, which has 
been [noven ]ieeuliarly w(‘ll adapted for the pui'))ose. 
^'<'ast of this kind, whic'h has been produced by cultivation 
from a single C(‘ll of di'finite eharaeteristies, is known as 
“pnie culture yeast.” In collaboration with Lindm'r, 
l)elbrii(‘k' first- iidroduced systematic pure yeast culture, 
as aieplied by Hansen to the bre'wery, into sjiirit nianu- 
factuie. d’lie Hure' Yeast Culture Institute of the Asso- 
(‘iation of Spirit Manuiaeture is of (Jermany, to-day pro¬ 
duces th(' ^Y'ast Race 11, which was cultivated in IMS!) by 
Lindner from a cell of distilling yeast at Hionow, (ler- 
many, and the Race Xll, which was isolated in 1t)02 by 
Di'. Matthes. Since we have leained that (‘crtain char¬ 
acteristics of th(' yeast are transmitted to tiu' successive 
propagative luoductions of that \east, we have come to 
understand thoroughly why the old distillers so carefully 
])reser\('d tlnir proven \-aii('ti('s of yeast from one work¬ 
ing j)eriod to the next, even if this ))reservation lay open 
to the danger of contaminating or infecting the y('ast. To- 
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•day however, this iireservation of the yeast is no longer 
necessary, in Germany at any rate, as there the Pure 
Yeast (hilture Institute at Berlin is able to suiiply the 
distiller at any time with any quantity of pure culture 
yeast at slight expense. To-day the Institute ])roduces 
• approximately 22,()()(» pounds of seed yeast for use in Ger¬ 
man distilleries each year. 



The cultivation of inire yeast is carried out as follows: 
From a mixture of different varieties of yeast, a single 
cell in vigorous growth is isolated, and is allowed to fonn 
a colony in a sterile nutritive solution or gelatine. It is 
then ])ermitted to develoj) into masses of culture, observ¬ 
ing all the while the greatest care, first in a Pasteur flask 
filled wnth sterile wort, and after severals days’ growth, 
in a larger vessel, a Carlsherg flask for further increase. 
Figs. 50 anel 51 illustrate a Pasteur flask and a Carlsherg 
flask respectively. To insure greater safety in the opera- 
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lion, two |)re])ai'atioES should be made. If similar results 
are obtained from both, it is fairly certain that average 
sjjecimens have been produced, and that the cells are uni- 
torndy distributed. It is absolutely necessary to deter¬ 
mine wbetber or not tin; gelatiiu' lias been jirovided with 
a sufficient number of cells; and in order that the cells 
may be so distributed that jiure colonies <‘an be obtained 
with certainty, the latter, as they are fonned, must have 
sufficient room to intermingle freely with each other. 
Ordinary glass slips, ])refcrably divided into sipiares by 
diamond marking.s, are emiiloyed to bold the dro|)s of 
culture which are afterward to be used. The sijuarcs 
marked ujion I be glass arc of great assistance in the micro- 
scojiic examination. If the number of cells is too great, 
the error can be remedied by adding gelatine; if too small, 
by adding cells. I’be gelatine must be kept liciuid in tb? 
watei’ bath, and the cells must be thoroughly distributed 
liA' shaking, 'riie gelatine should, however, be so care- 
tully agitated that the tormatifin of foam is avoided. 

The gt latino with the cells should be jilaced upon glass 
coveis, and these should immediately be coveied with 
glass bells. AVben the gelatine has coagulated, the cover- 
ing glass must be inviu'ted that the cultivation may be 
downward, and the (fiiambers must be fully shut off from 
the outer air. In two or three days spots of vegetation, 
visible to the naked eye, apjiear. In the saccbarorayces 
these have the appearance of minute })oinls of a light 
yellowish gray color, with either dull or faintly reflective 
surfaces; when examined under a microseojic of low 
power, the margins appear distinct or uneven. As many 
as sixty spots of vegetation may be devi'lopod in the gela¬ 
tine film of a single covering glass. Great care must be 
exercised in transferring the cultivations to the nutritive 
li(|uid, and the ap]iaratus must be thoroughly stenlized, 
while the air must be pure and calm. A pair of '’mall 
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foreei)s and platinum wires, which have been sterilized in 
a flame, can he recommended for this puri)ose. After care¬ 
ful examination, the cells to be transferred to the I’asteur 
flask ai'e selected, and their boundaries are marked oft' 
with a fine brush and a little whit(i color, fl’lio covering 
glass is lifted off its ring, and placed preferably u})on a 
dark background, ui)sidc down. The selected spots are 
touched with the i)latinum wire held by the forceps and 
previously sterilized in a flame. The infected ])latinum 
wire is inserted through the opening in the flask, and al- 
low’ed to fall into the same. The flask is heated to 77° 
to 82° b\, and in the course of one or two days there is a 
well-marked develoi)meiit, if foreign infection has been 
avoided. 

The further develoi)ment is carried out ])teforably in 
the Carlsberg flask after the growth in the Pasteur flask 
has reached the i)ropei- ])oint. The growth develoi)ed in 
the Carlsberg flask is used to develop the yeast in Lind¬ 
ner’s i)ure culture a]ii>aratus, in which a mass of yeast 
can be produced, which is sufficient for j)itching a large 
ventilating mashing vat of 2,000 gallons cai)acity. Lind¬ 
ner’s apparatus is illustrated in Fig. 52; it can be con¬ 
structed at little expeJise, is simiile in oiieiation, and is 
particularly suited for working on a small scale. It com- 
])rises a Pasteur flask B and the copper cylinder A, and 
lias usually a cajiacity of production of about one (|uart 
of thickly fluid yeast. ’I’he Pasteur flask has a caimcity 
of from eight to ten (luarts, while the eylinder, which is 
.some flO inches long, has a ca]»acity of about .seventy 
(luai-ts. This cylinder has a pipe C for steaming and 
aerating the contents, and for this jiuriiose (' is proviiled 
with perforations and also projects well into the cylinder. 
The cylinder is further provided with two short tubes, one 
of which joins with the pijie (\ while the other is pro¬ 
vided with sections of rubber tubing D„ /tj. Ei and 
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are glass tubes; and /b are similar tubes, and for the 
purpose of air filtration, are tilled with eotton. Zt, to l)^ 
are small rubber tubes. In using hindner’s aitparatus, 
the eylinder A is tilled about two-tbirds full with fresh 
wort sterilized by the introduetion of steam or by other 
beating. After about ten minutes, during whieb steam is 
allowed to escape slowly, the i»ipe for the introduetion of 
the steam is closed with a clip and is connected with the 
sterilized air filter. The wort is then allowed to cool to a 
lower temperature, either by means of water cooling, or 
by allowing the apparatus to stand, and the wort is then 



infected with the yeast from the Pasteur flask B. Tliis is 
aceomi)lished liy withdrawing tlie tube Di from the glass 
tube Bj, and substituting for it tlie tube /f,. Fnsterilized 
air, of (‘ourse, must not be allowed to (‘liter tb(> ajiiiaratus 
during these opt'iations. The cultivated yeast is allowed 
to run into the cylinder xl by raising tlu' llask B, and as 
the w’ort must be aerated to sui)])ly the yeast with the 
necessary oxygen, the tube F. is comu'ctiHl with a jiump, 
and air is drawn through the filter F, and the jierforated 
pipe (' into the cylinder. After the a<‘ration is (‘omplete, 
usually after the exjiiration of one hour, four or five 
puarts of the infected wort are returned to the Pasteur 
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flask, and there allowed to ferment to provide sowing- 
yeast for the next fermentation. When the operation is 
eomi)lcted, the fluid eolleeted over the yeast in B is poured 
back into A. By means of the glass tube the progress 
of fermentation in A can be readily observed. In em])ty- 
ing the eyiinder the fluid is allowed to run out through 
I)^ until small partieles of yeast appear, when the opening 
is closed with a glass stopper. The eyiinder is tlieii 
vigorously agitated to stir uj) the yeast thoroughly with 
the fluid, ami the whole is finally allowed to tuii out. 
Six days are usually necessary for the cultivation at a. 
temperature of about (it)'" F. Sometimes the development 
of the yeast proceeds with such rapidity that in ten hours 
it is }iossible to obtain from 10 ])oimds of sowing yeast 
as much as 200 ])ounds of pure culture yeast. 

These methods of yeast preparation deiiend uiani th(' 
l)rineiples which have been developed in tin* ])rocesses of 
prc{)aring pure yeast in large (juantitics for i)ractical pur- 
])Oses, and in accordance with the methods of c()nn)r('sse(l 
yeast manufacture. Of course, the opmations must be 
cari'ied out under such conditions that the introduction of 
wild yeast or even of bacteria inimical to feiinentation is 
not jjossible. The success attending the use* of pure 
culture yeast has bee?i so remarkable that in th(' distil¬ 
leries it has becTi ))ossible t<j accom])lish results with the 
Teast Races 11 and XII, which have never hitherto been 
attained; these two races ])rimarily, induce pure and active 
fermentation, so that the alcohol yield is considerably in¬ 
creased. For these reasons it may be lecommended with 
sincerity that every distillery should introduce such ef¬ 
fective races. They will be found of the greatest benefit 
in every distillery. 

VI.-THE YEAST RACES. 

The cultivated yeasts include two cliaracteristic forms. 
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known as top yeast and bottom yeast. With low fer¬ 
menting yeasts tlie yeast mass produced during fermen¬ 
tation in beer worts collects almost entirely at the bottom 
of the vat, while with high fermenting yeasts |iart of the 
latter collects at the bottom and the remainder at tin* 
surface of the ]i<piid. However, there are also races of 
high fermenting yeasts, Avhich lorni thin surface layers 
or covers only, and are really inteiinediate between the 
high and low I'ei'nKmling vaiieties. ()th(*r diffeiA'iices i-an 
also be distinguished; besides i)ossessing stronger fermen¬ 
tative power, the to]) yeast imfines more freely toward 
s])ore foi niation, while, on the other hand, bottom yeast less 
readily forms the charact(>ristic membi anes. Bottom yeasts 
ferment melibiose and melitriose (ratiinose) comi)i(*tply, 
while to]) yeast leaves the melibiose <piite unaffected, and 
si)lits u]i the melitriose into melibiose and fructose, not¬ 
withstanding that it is able to ferment the latter alone, 
f'he method of distinguishing to]) yeast from bottom 
yeast, which has been develo])ed by A. Ban, is based 
ujxn! this i)henomenon. Becently Lindner has observed 
the appearance of tyi)ical spoie aggregations in top and 
bottom yeasts during the growth in dro]> cultures, and 
has developed this difference into a valuable method of 
distinguishing the varietii*s. Toj) yc'asts, in general, grow 
in straggling s])ore aggregations or chains, the charac¬ 
teristic. aj)()earance of which, as showm in Figs. 45, 4(1, 
and 47, can easily be recognized, even by the layman. 
Finally, toji and bottom yeasts form special groui)s, which 
are suitable for particular industrial i)uri)oses because of 
individual characteristics which they ]iossess. Distillery 
yeasts, es])e<‘ially yeasts for the fermentation of concen¬ 
trated mashes, must ])ossess the followfng characteristics: 

1. They must be effective, even in i)oorly saccharified 
mashes, or mashes weak in diastase; this is the case when 
they jiossess diastatic j)ower themselves. CVrtain wine 
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yeasts possess no diastase; a numi)er of distilling yeasts 
are poor in diastase (Saaz yeast). Otliers again, possess 
diastase in large (luantities (Fioliberg yeast). Certain 
varieties of yeast are <‘apable of saeeliariiying dextrius 
(Potnbe yeast), and stareli (xlvniloniifcea Rou.rii). Idie 
last hvo varieties, liowevei-, are not available for eoni- 
inereial jnirposes witli our jiresejit nietliods of artificial 
yeast ])i’oduction. 

2. They must render albumen digestible for their uses 
if the mashes are poor in this nutritive substance*. 'I'he 
enzyme pe])tase effects this decompositive pi'ocess; yeasts 
which possess too much ])eptase, howe'vei', are easily de¬ 
stroyed through this dissolving of tlu'ir substance. 

.‘h They must develop stiongly, and must ferment with 
exclusion of the air, for the mashes contain no air during 
fermentation. 

4. They should ])roduce large yields of alcohol, and 
they must be able to endure the i)resence of alcohol in 
considerable (piantities if they are to be u.sed in ferjiienl- 
ing concentrated mashes. In mother yeasts and in mashes 
rich in alcohol, injurious fungi caimot exist. Beer yeasts 
are destroyed by alcohol. 

5. They must be able to withstand acids in considcT’able 
<iuantities, for then it is jiossible to ])re|iai'e artificial 
yeast with acid; this use of acid is of advantage, as acid 
destroys inimical fungi. Beer yeasts cannot withstand 
acids. 

(). They must grow (juite strongly, that is, ])roi)agato 
rapidly, for then tlu'y over<*ome injurious fuTigi. 

7. They must be able to withstand heat, for it is )ios- 
sible to comj)h'te the fermentation with sufficient rapid¬ 
ity only if it is (*onducted at higher temjwratures. Beer 
yeasts cannot endure heat. The yeasts must not reciuire 
too warm a temperature, for at a high fermenting tem- 
l)erature too much alcohol is volatilized. 
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8. They must endure for only those mashes 

whioh are energetically stirred ferment rapidly aud com- 
idetely. 

!>. 'I'liey must be j ieh in zymase, that is, they must fer- 
jnent the sugar iaj)idly; in this ease they keep the fer¬ 
mentation pure, and retard the development of inimical 
fungi by the fonnation of aleoliol and carbonic acid. 

10. They must free the mashes automatically from in- 
,j.nrious fungi; this is accomi)lished by poisons wliieli they 
ilevelop, and by means of which they overcome the harm¬ 
ful growths. 

11. They should not make the mash slimy, for if such 
is tlu' case, they jirodnce foaming fermentation. Race 11 
piodnccs foam, while' Race Xll does not. 

If a yeast race is chosen with these considerations in 
A’iew, and if the artiticial yeast jnejearation is so con¬ 
ducted that the inmrishment provided and the climate are 
favoiable for the development of this race, the yeast will 
purify itself automatically; Delbriic'k characterizes such 
Aca d, as “natural pure cultui'e yeast.” d'lms, we iinder- 
sland by cultivated or imre yeast, one from which the fis¬ 
sion fungi or sehizoniycetes and the mold fungi, as well 
as the spores of wild yeast, have been eliminated as 
thoroughly as ])Ossible, so that the yeast consists wholly 
of such spores of Sacrliaronii/ces ccrei'istde as are distiu- 
gnislied by the eneigy with which they induce fennenta- 
tion, as well as by the i.)urity of the i)roducts of this fer¬ 
mentation. 

Distilling yeasts are poAverful, while brewing yeasts are 
much weaker. The weaker yeasts soon free tliemselves 
from the wort, and the brewers therefore use lees or sedi¬ 
ment from the vats for sowing yeast. A similar method 
of transfer is not feasible in distilleries, because after the 
mash has been fennented the yeast cells are not as well 
nourished and vigorous as iu the in’eparation of beer, in 
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fact, they are partly dead and partly very much enfeebled, 
because of the large (quantity of alcohol fomied and be¬ 
cause of the lack of nutriment. 

Growing and fermenting yeast keeps the mash pure, 
and for this reason it is not advisable to pcnnit the mash 
to stand without yeast. U'his is known as the avoidance 
of dead periods, and it is usually accomplished by adding 
the yeast to the mash early in the mashing operation. A 
sufficient iiuantity of yeast should always be added; the 
yeast vessel should be equal in ca))aeity to about one-tenth 
that of the fermenting vat, while the mother yeast vessel 
should be about one-tbird the size of the former. The 
yeast should be thoroughly distributed in the mash, so 
that the ])rotecting yeast cells inhabit it throughout; the 
mash must begin to ferment and become active veiy 
rapidly, so that the yeast cells may I'each all ]ioints of it 
to avert the danger of infection by foreign and inimical 
fungi. 

VII.-FERMENTATION-EXCITING MOLD FUNGI AND BACTERIA. 

Gertain varieties of mold fungi are capable of inducing 
fermentation. Under ordinary conditions these form, in 
the air, long spawn threads, which thicken to barrel-shai)od 
members, and which e.xcitc fermentation when they are 
introduced into solutions containing sugar. These barrel- 
.shajied members, “gems,” gradually assume more and 
more the aiijicarance of yeast-like forms, and increase by 
prolification. Under these circumstances it is possible to 
conceive that the sdccharomiicA's aie descended from mold 
ftingi. Among the mold fungi, Miicor crectus possesses 
the greatest fermenting power, though it can ferment dex¬ 
trose and levulose only, while Miicor raccmo.sus is cajiable 
of fermenting dextrose and levulose as well as maltose 
and saccharose. 

The mold fungus Amylamycca RouxU, previously men- 
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tioned, not only possesses considerable fennentativc 
]lower, but a still greater sugar-forming efficacy as well. 
Within recent times a distilling process, based u])on these 
characteristics, has been developed for this fungus. The 
scliizomycetes also inclmle varieties which form ah-ohol; 
among these ai'c the Bacterium prodigiostim, the Bacillus 
Fitziauus and even a jiathogenic variety, the Bacillus 
puciimauiac (Friedliinder), which all jiroduce alcohol fer¬ 
mentatively from sugar. 

VIII.—THE DEVELOPHENT OF HEAT DURING FERMENTATION. 

As the total energy contained in the sugar is greater 
than the combined energies of the products of fermenta¬ 
tion, carbonic acid ami alcohol, energy in some other fonn 
must arise during the decom])Osition. Hdiis surplus en¬ 
ergy set free during the fermentation aiijiears in the 
form of heat. It is well known that every fermenting 
liquid jiroduces heat in a decided measure, and under cer¬ 
tain circumstances the tcmjierature of the fluid may be 
considerably increased. I'he greater the (|uantity of sugar 
split up during fermentation, the greater is the heat de- 
vclo]H‘d. Theoreti(‘ally, through llie decomposition of 1 
jiound of cane sugar and maltose, or LOn.') ])Ounds of de.\- 
trose and levulose, whereby O.nll jionnd of alcohol is ob¬ 
tained, (iti.t) ]{. T. U. are devcloiu'd; that is, 25 gallons of 
mash could be laised in temperature over 1.2° F. for each 
])er cent of fermented sugar, 'rims, 20 per cent of fer- 
menteii sugai’ would correspond to a temperature increase 
of 54“ F. Fermenting mashes never actually heat as much 
as this, and, in general, mashes of 20° by saccharometer, 
containing 18 i)er cent of sugar, are raised about .‘51.5° F. 
in temperature; with 20 i)er cent of fermented sugar the 
mash is heated through 35“ F. 'I'his difference between 
the actual and the theoretical heating is due to the es¬ 
caping carbonic acid, which carries with it warm water 
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and alcoliol vajior, as well as to radiation and conduction, 
(liroug'h wliicli largo (luantitios of lioat are lost. Novor- 
tlicloss, llio lieating of the mash is not inconsiderable, and 
under certain ciicumstances it may even lx* injurious to 
the fermentation, and may re(|nire special consideration 
in the operations, for instance the apijlieation of vat cool¬ 
ing devices. 

IX—SUBSTANCES SUITABLE FOR THE NUTRITION OF THE 

YEAST. 

Veast is a idant, and therefore requires nutritive sid)- 
stances of organic, nitrogenous and non-nitrogenous, as 
well as mineral form, 'fhe chief non-nitrogenous organic 
nutiitive substance for the yeast is found in sugar. 
Among the nitrogenous nutritive substances of greatest 
imj)ortance are tbe amides, ineluding asparagin; the.s(‘ are 
found in considerable <iuantities in ])otatoes and malt, 
d'he yeast can also utilize ammonia combinations; among 
the albuminoids, the iiei)ton('s are fairly good nutrients, 
thougli ordinaiA' albumen is hardly suited for this pur- 
]»ose. .Vmong the mineral substances, yeast (diielly re¬ 
quires ])bosf)hate and i)otassium salts, and, on the other 
hand, but very small (juantities of magnesia and sulj)liur 
combinations. Tn practice the mineral sulistances are of 
no importaiK'e, as they are found in sufficient (piantity 
in the mashing materials. 'I’heiefore, it is still an o])en 
<luestion whether or not it is of advantage to add i)otas- 
sium j)hosphato during the fernamtation; at any rate, fer¬ 
mented potato mashes alw’ays contain sufficient soluble 
phos))hate and, es})ecially, potassium salts. I’nre com¬ 
pressed yeast comprises 25 per cent of dry substance and 
75 per <‘ent of waiter; 100 jiarts of the diy substance con¬ 
sist of (!.■) ])er cent of albuminoids, .82 j)er cent of non- 
nitrogenous substances, sucli as cellular substance, fat, 
and glycogen, and 5 per cent of mineral substance. TIk' 
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.•illiuitien coiitont varies vvitliin wide limits, and tlie f'er- 
inentin,i>’ powei' rises or falls with the percentage of alhu- 
men in the yeast. For tliis reason the yeast slionld he 
strongly noiiiished with jdhnmen. 

X.-THK FERMENTING TEMPERATURE AND THE SUBSTANCES 
INJURIOUS ANO FAVORABLE TO FERMENTATION. 

Ndie ( iiei'gy of lh<> lermentation-indiieing action de- 
])cnds cliielly upon tin* waimth of the lernienting li(|nid, 
if we neglect th(“ chai actei isli('s of the* yeast itself. The 
most lai'orahh' degice of heat for tlii' distilling yeasts 
wliich have so l;)r been inv'cstigated, appro\imates Sti' h’. 
Thmid'oie, during feimentation this i)oint must, under no 
circumstances, he exceeded. A 19 per cent sngjir contimt 
is most lai’orahle for the propagidiou of tlie yeast; jifter 
this (jiiantity of sugar has hciui leiucnted thc‘ inciease in 
lli(‘ yeast cejises, and tlie fiiillicr fcinuuiliilioii is carried 
out l)y the pr('\’ionslyd oiiiicd ycjisl. X('V(>rtheless, we 
have long since learned how to ferment 2(1 to 27 ]ier cent 
c(!M.'ontI;il< (I mashes. 'I'lic alcohol whi( h giithers in the 
ferm>aitiug Iluids deen jiscs the (uiergy of the yeast repro¬ 
duction ;is well as that of fermentation. The caihonie 
acid too, whi(‘h collects in a termeuting li(|nid is injurious 
with i'(‘gard to the yeast ie])iodnetiou, ;ind is .also inimical 
to feimentation. At any rate, this is tlu' view which ob¬ 
tains at jiresent, iind the lapiid removal of the alcohol and 
carbonic acid by tlu' agitation of the mash, must there¬ 
fore he regarded as iaioiahle to fermcntati\e action, d’he 
carbonii' acid, howeier, also has a favor.able action as it 
induces motion in the mash. Certain substances in small 
(piantities have an exciting effect upon the latter, while in 
laiger (piantities they injure or airest the fermentative 
action. To tlu' last class belong ;ill tlu> acids; among those 
which have the most ])ow(>rlul action are hydrofluoric acid 
and hydrochloric acid, while sulphuious acid and sul- 
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])liurio acid liave woakei' cffcc't, and lactic acid and tar¬ 
taric acid act ni)on tlio iVrjinnitation least vigorously of 
all. Volatile fatty acids also tend to arrest fermentation; 
among these is hntyrit* acid, which does so very energetic¬ 
ally. As these snhstances, inelnding hntyi'ic acid, are 
also powerful bacteria and yeast [loisons, a i)redetermined 
and proper (piantity of any one of them provides an 
active means for assisting the yeast in overcoming com¬ 
petitive fungi. Investigations conducted by l)(*lbruck and 
Ijunge have shown that an artifitaal yc'ast which has be¬ 
come accustomed to butyric acid rcmiains )mre umhu' the 
influence of this a< id foi' a longer ])(‘ri()d than when as¬ 
sisted by puie lactic acid. Alkalies completely arr(>st the 
])ro])agatioti of the yeast and the fermentation, and for 
that I'cason all fermenting fluids must contain a certain 
([uantity of acid. 

XI.-SUBSTANCES CAPABLE OF FERMENTATION. 

Only varieties of sugar having the composition (11,3 fi, 
such as de.xtrose (glycose) and levulose (fructose), aic' 
directly capable of fermentation. All other Aari(‘lies of 
sugar which arc encountered in s])ii'it manufacture, for 
instance, cane sugar (saccharose), (hoHjjO,,, and maltose, 
0,_.H_._.O,,, aie not directly fermentable, but by means of 
certain enzymes of the yeast they must first be converted 
into fermentable sugars —cane sugar into invert sugar, 
which is a ini.vtui'e of le^’ulose (fructose) and glycose 
(dextrose), and maltose into glycose, by the enzymes 
invertase and glucase respectively. Certain yeast races, 
■which do not contain such transforming enzymes are 
unable to ferment the con'esi)onding varieties of sugai'. 
Thus, for instance, the most pow'crful distilling yeasts 
cannot ferment milk sugar, and for this ])urpose a siiecial 
yeast, found in milk, is necessary. 
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XII,—SUBSTANCES PRODUCED BY FERnENTATION. 


Tile strongest yeast, developing and fermenting under 
eoniplete exclusion of oxygen, jiroduces as main fermen¬ 
tation jiroducts aleoliol and carbonic acid from about 9-f 
])er cent of the fermented sugar, while about (> jier <‘ent 
of this is changed into other natural and unavoidable 
metabolic substances, chiclly succinic' acid and glycerine. 
The a])pearance of the glycerine' can ])i'obably be ascribed 
to the decomposition of the lezithin, as well as to the 
activity of the fat-decomposing enzyme, lipase. We 
know that dying or weak yeast produces greater cjuan- 
titics of by-sulistances in the form of organic acids and, 
princi])ally, fusel oils. 'I'he evolution of the latter should 
not, however, be entirely ascribed to the weakening or 
destruction of the yeast, as certain of the raw materials, 
suc'h as corn and other grains, lend themselves more 
readily to the jiroduction of greater (piantities of the fusel 
oils, than do jiotatoes; furthermore, certain bacteria are 
probably c'oncerncd in the formation of the fusel oils. 
The ehit'f constituent ol' the latter is amyl alcohol. They 
also include', howc'vc'r, a large' number of other alcohols 
of the same group, such as prop\l alcohol and butyl al¬ 
cohol and their isonu'is. ('c'rtain yeasts also jiroduce aro¬ 
matic ethers, and others suljthurc'ted hydrogen. 

'riic' following (luantities ol alcohol can theoretically be 
I'rodnced from 1 pound ol' the' ('orres])onding c'arbohy- 
drates, with the ])ra<‘tical assnmiition that (i per cent of 
the sugar is uniforndy changed into by-products; 


Til ooi'C't leal. 


100 pounds of dextrose free from 

water . 7.1! ftallons 

100 pounds of cane sugar and mal¬ 
tose . 7.7 gallons 

100 pounds of starch. S.l gallons 


From !) t per cent 
of fermented 
sugar. 


6.8 gallons 

7.2 gallons 
7.6 gallons 
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or 100 i)Oun(ls can jiroiiuce: 

Alcoliol. Carboiiir Acid, 

Dextrose tree from water.al.Il pounds 4S,.St) pounds 

Cane sugar and nuiKosc.5:*,.so pounds 51.4G pounds 

Starch .5G.7S })Ounds 54.o2 pounds 

XIII _SCHIZOnvCETES (BACTERIA) IN THE DISTILLERY. 

Ainoiij!;' tile most iiiiiilcasaiit pliciiomciia in tlic distillery 
are the selii/.oniyeetie fermentations |iro<lneed by fission 
fungi, (specially those which are inimical to the growth 
and fermentative efficacy of the yeast, 'flms, it is the 



cliief aim of the distiller to .su]iprcss the o-vciters of in¬ 
jurious fermentation and the hacteiia in general, as far 
as this is possible with the jnesemt mejins afford(‘d by the 
science of fermentation, and to keej) the fernumting 
bhjuids free from these fungi. Fig. 53 illustrates varieties 
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of fission fungi in different stages of d(>\'elo|)nient. To 
l)ioteet tile fevincnting li(|uids it is alisolutely necessary 
to introduce into them iirotective suhstances which leave* 
the desired fungus, the yeast, unmolested, and which ]K‘r- 
mit it to di'velo]) undisturbed by tiu* schizomycetes. For 
this |)ur|;osc lactic acid has iiroven ilsc'lf to he jiarticu- 
lari>' suited. Science has e'nahleel us to make use of the 
lactic acid fungus, which also belongs to the fission fungi, 
for the* production of this acid. To-day, this fungus is 
K'ganled with great favor in the distilh'iy, and is culti¬ 
vated te> prote*e't anel assist the >'e'ast. 

It is e'haracte'ristie* of bai'te*ria, that they are* e*\'tre*me*ly 
semsitive* 1e) ae*iil re*ae'tions in the* e'ultnre* me*eliimi, anel 
the*ir ele'Ve'lopme'ul in ae‘ielulate*el tlniels is e’ithe'r sei re*tarele'd 
eir se) e*e)mple‘te“ly stop)ie*el that tlu'y are* unable* to e*ause* 
injuiy. For this n*ason, lae'tic ae*iel fe'rme’utatiem is imr- 
peise ly inelue'cel in ye*ast mashes, in whie-h it is ele*sire*el tei 
ae-e'eimplish the* ri*iireMluctie)n and e-ultivatiem of as pure 
anel fi>rme*ntative'ly ae-tive* a yeast as jieissible*. Fae*tie* 
ae-id IVrme-ntatiem is e*xi*iteel by many rarie'tie’s of liac- 
te'i ia; se) far, it bas not bee*n ])e)ssible> te) ase‘e*rlain their 
numb(*r even ai)pre)\imate*ly. 

.\me)ng the* lactie* ae*iel bae'tei'ia 1he*re* are e*ertain kinds 
with stre)nger or we ake'r ae*iel-feirming e‘tfii’ae*y; anel as in 
the ])reparatie)n of the* ye*ast it is of great importane*e to 
e'.xe'ite as strenig as ])ossible* a seairing, it is aeh'isable to 
use* for this pnri)e)se* those* kinels eenly whie'h ])ossess the 
greatest souring e)r ae'iel-formiiig peewe'r. As in the similar 
e'ase* e)f ye*asls ol eli'tinite* e'hai'ae*te*ristie*s, the* lactie* acid 
bae-teria e*an be* ])re)ilne*;>el by puie e*ultivalion, anel the most 
effective* lae'tie* ae*iel bae*illus, whii*h has so far been elis- 
ce)ve*reel, is that ele*ve*lo])eel hy La far in Behrenel’s labora¬ 
tory at lle)henhe*im, the ticidi/irana 

Pure lactic aciel culture may he obtained in (lerniany from 
the Pure Yeast Fulture Institute at Be*rlin. Jn investi- 
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gating tlio i^hysiologioal oliaraotoiistios of twenty-three 
(litferent laees of laetie aeid, wlii('h will appear in distilling 
mashes and woits, \V. llenneherg (Institute l‘or Fermen¬ 
tation IndnstT-ies) found that they are of widt'ly differing 
value for the jjurposes ol' tJie distillery, and that hut few 
of them aie eajjable of i)iodiieing sutlieient (piantities of 
aeid to insure the non-ai)])earanee of sehizomyeetes in¬ 
imical to fermentation. For this reason it is advisable to 
use thoroughly tested laeti(“ aeid cultures oidy, just as 
])ure culture yeast alone should be used to-day, for then 
oidy are good results assured during the subse(pient op¬ 
erations. Certain lactic acid bacteria, which form ac'ctic; 
acid as well as lactic acid, aJ'o dii’cctly injurious to the 
yeast. lAictic aeid fennentation is a simph* decom])ositiou 
of the sugar molecule into two lactic acid molecules, as 

= 2CJT„0:, 

Oexinwe Lactic Aci«l 

The resulting lactic acid is easily soluble, not crystal¬ 
line ill fonn, and is of syrupy consisteucy. It has an acid 
jcaetion, hut is without odor, and forms a great number 
of salts which crystallize easily. 

The inodiicts of butyric acid and butyl alcohol fennen¬ 
tation are less injurious to alcoho]i(' fennentation than 
the development itself of the bacteria which induce these 
fermentations. The exciteis of these forjns of fennenta- 
tion belong largely to the bacterial genus (imulolxicter, 
which present a remaikahle difference in tlu'ir develo])- 
ment and their fermentation-inducing characteristics from 
tliose of the lactic acid bacteria. They develoj) most 
strongly at blood temiierature, ilh.b'’ F., while at 122° F. 
they barely devmlo]) at all- On the other’ hand, the latter 
temperature is most favorable for the develo)nnent of the 
lactic acid bacteria, and conse(|uently, to lactic acid fer¬ 
mentation, so that under tlie maintena.nce of this temircra- 
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ture, pure lactic acid ferraentatiou is attained, wliicli, in 
<*onse(]uence of tlio strongly acid reaction, does not permit 
tlic otlier bacterial t'enneniations to arise. In tlie lactic, 
acid I'enneiitation in the yeast mash the greatest attention 
should he ])aid to the temi)erature, and under no circum¬ 
stances should this he allowed to fall below 122° F., for 
should this he the case, injurious varieties of bacteria 
would setth' in the mash and would ])i()duce the poisons 
which are harmful to the yeast. The inimical lactic acid 
bacteria flourish at F. 

Acetic acid fermentation is also caused by different 
varieties of bacteria, and ])articidarly, through the trans- 
ter of o.xygen to the alcohol formetl by the alcohol yeast, 
in accordance with the formula 

F,1IA) + 20= - (hi 1,0, + 11,0 

Alcohol Aoctic Atrul Water 

The most ])erfect cleanliness onl.v, is effective against 
the acetic acid hactei ia, which consume the alcohol of the 
mash, hut exclusion of tlu* air is also of assistance, for 
witlsiut th<' co-operation of oxygen the vinegar fungus is 
unable to form acetic acid. 'rhert> ai'o certain varieties of 
vinegar fungi which transform the sugar into acid. As 
th(‘ strongest acetic acid formation tak('s ))lace at higher 
tempmatures only, which are no longer employed in fer¬ 
menting mashes, it is hardly to-day a soui’ce of great 
danger in the distillery. On the other hand it is eneoun- 
tered with great fre<iuene>- in certain yeast factories, and 
the souring of the yeast (an larg<“ly he ascribed to the 
action of acetic, acid bacteria. 



PART IX. 

THE PREPARATION OF ARTIFICIAL DISTILLERY YEAST. 


B JOFOKI*] tlu' inasli can ho rorniontod, tho oxcitor of 
f(n inoiitatioii, llio yeast, luiist h(,‘ prepared in 
propel (luantity and in a suifalile manner, 'fho 
X'east is })rodneed from an available seed yeast or 
‘■mother yeast,” or at the heginninj^ of the ojuMation, 
fiom a known pure enltnre yea.st, wliieii is propagated 
in a suitably piepaied yeast mash. It is allowed to in¬ 
crease in the latter so that rip(‘ yeast of the lii.ahest fer¬ 
mentative power and flee from micro-organisms inimical 
to fermentation is obtained, ddit' strength and jairity of 
the fernu ntation are not aloiu dependent upon the method 
of yeast preiiaration, lint the latter inihiences the char¬ 
acter of the tVrnientation as well. 'The yeast must he 
in the proper physiological condition. If it is in too 
Inxiuions a state it produces foaming fermentation; if 
jiroperly ripened, it induces smooth and lasting fermen¬ 
tation. Brewer’s yeast can he used for fermenting 
maslus; hut as it is not always ]iossihle to piocnre a 
sui»i)ly of this, it is important that the distiller should ho 
familiar with the methods of yeast jireparidion, to insure 
a successful yield of alcohol at all times. 

L—THE PREPARATION OF THE YEAST HASH. 

The mash is piejiared from malt, with the arlditioir of 
grain or, more fic(|ueritly, sweet mash ; a yeast mash of this 
character contains all the nutritive substances necessary 
tor active yeast jiropagation. For the ])i'e)iatation of an 
effer'tive yeast mash and a iirojiei' yeast, it is necessar.v, 
above all, to provide a rrutr itive base free fremi haederia. 
P'or this roaseni the riralt or other raw material, such as 
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malt germs, wliicli is used for the ))rei)aration of yeast, 
must be thoroughly cleansed and must be free fio'm all 
organisms dc'ti iinental to l(‘rm('ntation. 

Malt and ujisoui'e<l potato mash hav'e sufficient quanti¬ 
ties of amid(-s; tlu'se ar*' the niti'ogenous nntritiv<“ suh- 
stanci s hest suited to th(> yeast, f’urtlu'rmorc', a yeast juash 
piepared from these materials jjiovides all the other nu¬ 
trient mediums recpiisitc* toi' the development of tlie veast, 
])ai'licularly sugar and mineral substances. (Jreen barlev 
malt is usually employed foi‘ this purpose, though oat 
malt, as well as a mi.xture of ry** and oat malt, gives 
ecpially su(‘(‘esstul, it not b('tter, rc'sidts. h’he yeast mash 
mnst he as concentratc'd as jxissible, for <“X))erience has 
shown that the cultivation of pure, fermentatively jictive 
iind ri]te yeast is possible in such tnashes alone. Conse- 
(piently, a yc'ust mash (jt at least 2d by sac'tdiarometer, 
if jiossibh' of 22" to 24°, should be iti’ovided. As this is 
not ]K)ssible with green niidt and water alone, ;i ccrtiiin 
(piantity ot sweet mash must also be usc'd for the ]no- 
duc'iioii of a yeast juash of this (‘oncentration. The for¬ 
mation of sugar from starch, through diastatie action, 
should be conducted at 131" F., the temi)erature before 
complete saccliarificiition being increased to 155.5° F. or 
even to 1()2° F. Although this procedure somewhat 
weakens the diastase, the germs of injurious bacteria are 
remlered harmless thereby. 'Diis sterilization at high 
tem])erature is i)ossible in veiy concentrated mashes only, 
and alter the greatest ])ossible (piantity of sugar has been 
formed, for thereby the diastase' is rendered fairly in¬ 
different to the higher degrees of heat. In woi’king 
liotatoes poor in starch, water is not added at all, and 
sweet mash and double-c'ruslied green malt only are used 
for the yeast mash. The yeast remains ])urer in eoneen- 
trated yeast mashes because the fermentation of the 
greater (piantitics of sugar, which these mashes contain. 
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yields more alcohol than in thinner mashes. Alcohol is 
a very powerful schizomycete poison, and, furthennore, 
is .iust as strongly inimical to unsuitable yeasts, which 
are supjiressed by tliis means. Nowadays the infection 
caused by fission fungi is seldom a 



danger in tlie ])rei)aration of concen¬ 
trated yeast mashes, d’he alcohol also 
accomplishes the matui'ing of the 
yeast. 

I’he starch jiresent in the malt must 
be dissolved and transformed into 
sugar as completely as ])Ossible. As 
malt starch is li(iuefied at higher tem- 
j)eratnros only, the mashing of the 
yeast mash must be carried out at com- 
])arativoly high degrees of warmth; 
these are furthermore necessary for 
the su))j)ression of the fission fungi, 
which arc introduced into the masb 
]iartly through the malt, ]>artly by 
means of the air. The mash is, there¬ 
fore, worked as described above, with 
a final sterilizing tempeiature of about 
160° F. for fifteen minutes, after bei?ig 
carried at the lower temperature for 


Pin. 54. —The Scheib- 
-NEii Steam Mash- 
iNfj Oar. 


about an hour. 

With esf)ccially good raw materials 
the high final teinjjerature may be neg¬ 


lected. With doubtful materials it is 


necessary, and under no circumstances injurious; it should 
always be emi)loyed if a large (piantity of malt is used. 
This was formerly the case with the green malt yeast 
which was produced from malt and water merely. In 
the yeast mashes customary to-day, the mashing process 
is carried out as follows: With mashes rich in sugar. 
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3 to 8 gallons of water at 185“ to 194° F., according to 
tlie quantity of tlie residue to be niaslied, are placed in 
the yeast vessel, and with constant stirring the crushed 
green malt is added so that through the mashing action a 
tine malt milk is luoduced. To this is added the sw’cet 
mash from the prcparatoiy mashing vat, the yeast vi'ssel 
lieing gradually filled with constant stirring. The sweet 
mash should be freshly saccharized, and should be as free 
as possible Irom husks. To attain tiu* desired final teni- 
lieraturt' alter the completed working of the yeast mash, 
hot watei’ or steam is used. In the latter case the Scheibner 
stea7n mashijig oar is often enq)loy(Ml; this is illustrated in 
Fig. 54. It consists of a tinned t'opper, steam oar, having 
at one end a copper frame provided with fine perforations, 
d'he o|)positc end of the oar is hent at right angles, and 
can be connected with the steam supply of tIu' distillery 
by mcaTis of a suitablt“ rubber hose. 'I'he middle ])ortion 
of the oar is jacketed with wood so that it can b(‘ grasjied 
without danger. The yeast mash is vigorously stirred 
by n-eans of this oar. with constant flow of steam through 
the vi< \ ice, until the desircil tempi'rature is reached. 
Larg*'!' distilleries have special apjiaratus for yeast ])r(*par- 
ation, with stirring devices and steam pij)es. as illustrateel 
in Fig. 55. 4'he construction of this apparatus is sim¬ 
ilar to that of the fore-mashing vat; the vat is usually of 
iron. It has an inmn’ facing of copjier and for the better 
retention of the hi'at is donble-walled. lii certain forms of 
apjiaratus the steam can circulate within the double walls, 
while in otheis it is introduced into the vessel by means 
of an inner jiijie system. IJeinzelmann considers this 
form of ajqiaratus of sjiecial value when tlie yeast mash is 
not only masher! therein but is also soured and set with 
yeast in the vessel. Ily means of devices such as these the 
jnejiaiation of the yeast mashes in large jilants has been 
considerably cheajiened anti simjilified. The souring and 
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cooling, furthennoio, can be acconiplislicd with greater 
case and inoio thoroughly in accordance with the proper 
regulations than in a jirocoss involving a large nuni- 
her of smaller mashes. Yeast mash ai)i)aratus is con¬ 
structed by nearly all the machine manufacturers engaged 
in the building of distillery ajipliances. 



1.—The Preparation of Yeast from Green Malt. 

The fresh green malt in a finely crushed condition is 
placed directl.v in the fermenting vat, about 4‘A jiounds 
of the malt being used for each 25 gallons of vat cajiacity. 
"Water at 151° F. is added in the proportion of about 
two-thirds of a puart for each 4'A jiounds of malt, and the 
mass is energetically worked to a uniform ])aste, which, at 
first thick, soon becomes more thinly fluid during the 
-operation. Half the <]uautity of water iireviously added 
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is now poured into tlie vat at about 190° to 200° F., with 
constant stirriiif?. The niixture is allowed to stand for 
about an hour at a teniperatuie approximating laO" F. for 
•saccliarization, and tlie mash, which is now very thin, is 
allowed to sour at lid" to ]2(i“ F. A period of ten hours 
is usually sufficient for this ])ui'])ose'. 4'h(i mash is ia])idly 
cooled to 54.5° to (!()° F., and the mother yeast is then 
added; the latter <leveloi)s rapidly and induces fermen¬ 
tation whicli decreases the former sa<'clnyometer indica¬ 
tion of the mash by about one-half. When this ])oint has 
been reached, the yeast re<|nired foi- the following mash is 
removcal, and the remainder is set vvilh sweet mash at 
a comjiarativcly cool temi)erature. The sweet mash gen¬ 
erally is of 1()° to 17" by sacchaiomcter, and the souring 
is carri(>d to a point such that t.(i to 1.8 cubic centimeters 
of standard solution are sufficient for the neutralization 
of 20 cubic centimeters of mash. 'L'he ])re]iaration of yeast 
from green malt as a rule takes about two days. 

Yeast mash jnepared from giecn malt is exticmely thin, 
and it has been found that a more concentrated yeast 
material, which ])ossesses an eipnilly \'igorous fermenta¬ 
tive power can be pre|)ared fi'oni grain grist and ciushcd 
malt. ('ruslKsl rye is often em])loyed fur this jmrpose, 
the grist lieing used in tlu' ])roportion of 1 ])art to 2 parts 
of crushed malt. In pr<‘i>aring the mash, the grist and the 
malt must be intimately mingled. 

By altering certain ste]is of tin; mashing jiroi'css it is 
possible to reduce the time for souring and for yeast 
growth to tw<mty-four hours. 4'h(> shoi tening of the time 
is effected principally by adding a few (juarts of sweet 
mash to the sour yeast mash from the previous operation, 
at tem])eratnres such that tin* ti'm]H>ratnre of the mixture 
is about 110° F. The sweet mash should prefei'ably be at 
a temperature of 144.5° F., while the sour yeast mash may 
be at the temi)crature of the room. l\'hen the soui’ mash is 
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in full activity it is added to the sweet mash, and the whole 
is then cooled to ahont 125° F. Souring, which is coin- 
jileted in a short tiine, is now immediately induced. 

2.-Preparation of Yeast With Kiln-Oried Malt. 

In preparing yeast with kiln-dried malt more water is 
reiinired than in the working with green malt, though 
otherwise tin; processes are similar. Three and thi’ee- 
tenths to 4.4 pounds of the dried malt, with 2 (piai'ts of 
water at 151° F., are used for each 25 gallons of vat 
cai)acity. 

3,—Preparation of Yeast With the Avoidance of Dead Periods. 

According to Delbriick, the inteiwals during which foi- 
eign organisms develop most dangerously, aie two in 
numhei'. d’hey are the one hetweem the completion of the 
souiing and the pitching with the molhei- yi'ast, and that 
Ix'tween tlie time when the iiiother yeast is taken olf in the 
morning and the i)itching with mother yeast in the eve¬ 
ning. Fach of the intervals is of ahont nine or ten hours 
<lnration. d’o avoid these dead ])eriods, .1. F. Hiaucr i)i()- 
])osed this method: First, sour yeast material with a small 
addition of calcium bisidphide is introduc('tl early in 
the mashing. Secondly', cooling is coinmeucc'd at 122" l^'. 
and is carried lapidly over the dang(‘rous tem]>ei'atnres. 
The yeast is added during the cooling, at ahont SS" h'., 
and is developed with rai)idity while the ojieration is con¬ 
tinued to 54.5° F. Any injurious fungi which may have 
accidentally cTiteied the material ar(‘ thus effectually suj)- 
])resse<l by the low temperature as well as by the strongly- 
develoi)ed yeast. 

4.—Preparation of Emergency Yeast. 

It oft( n happens in the distillery that the yeast mash,, 
for some reason or other, becomes spoiled, and if other 
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ypjists were not obtainable' the operation would liave to l)e 
interrupted. Uniter sueli eireinnstanees re.sourec; can bo 
liad to beer yeast, eonijiressed yeast, or })ret'eiably, ]aire 
eultiire yi'ast. d'lie sweet, niasli, to wliieb the yeast lias 
been aelded in tlie jirojiortion of 2.2 to ))ounds of yeast 
for eaeli 25 f>;allons of inasliing capacity, is allowed to 
IVrnient at a tenpieratnri' of 84° to 88“ U., for two or tbi’ee 
liours, before setting the large vat, and is Iben added to Ibe 
ebief inasb. Souring can be (*lTe<‘ted by tb(‘ addition of 
siil])burie or bydroebloric acid, but it is iirefe-rable to add 
a ((uantity of sour yeast material to tbe sweet niasb. 

5_The Preparation of Hop Yeast. 

Hop yeast is jnejiared mainly in tbe United States. It 
is produced by tbe growth of wild yeast cells originating 
in tbe air, and, notwithstand.ing tb(> views of scientists 
that it is jjossible to obtain puu' and satisfactory fermen¬ 
tation from cultivated raci's of yeast only, sur|)i'isingly 
good results ai(' obtained with the assistance of concen- 
trati-.l bop e.xtract. AVbcn examined under tlu' micro- 
sco|)(‘, yeast ju'oducetl by this uu'tbod ajipears to be pure 
and strongly devi'lojied. 1'be bop evtract kills the bacteiia 
so that sweet yeast material, instead of sour, can bi* used. 
According to Scbiobe tbe yeast is prejiared in the follow¬ 
ing manner: d'be extiact is obtaiiu'd by long-continued 
boiling with steam, tbe bops bi'iiig cooked with a deter¬ 
mined (piantily of watei'. One jiound of bojis is used for 
each bushel of malt, and with tbe assistance of tbe bop 
extract, a malt ('xtract of 15° to 18' sacebarometer is ob¬ 
tained. Roughly crushed malt of tbe best (piality only 
slioidd be used. The extract, jireferably at a t(‘m|H‘rature 
between 1.()7° and 200° F., is added to tbe malt, and aftei' 
standing fiom one to three hours, it is again drawn otf 
through tbe bottom of the vat. After cixiliug to (>(5° F. 
the extract is allowed to stand, care being exercised that 
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tlie temperature does not fall materially below this iioint. 
In a few days tlie yeast is soured by wild j'oast cells in- 
trodiK'ed from the air. It is then fermented for a period 
of from twelve to eighteen hours and is poured ijito a stout 
copper vessel with a tinned lining, provided with an air¬ 
tight lid and a small cock. ’^I'he yeast in the vessel when 
stoied on ice will keep for weeks and sometimes even 
months. The vessels should be filled about nine-tentbs 
full; they are easily em))tied bj" reason of the pressure 
of the carbonic acid dc-veloped therein. The y(‘ast is then 
ready for use cither for pitc-hing yeast material, or for 
strengthening the mother yeast. 

6.—Partenhelmer’A Mash Yeast. 

In this process sweet mash is foi<‘ed through a per¬ 
forated ])late or sieve and cooled to 12!)° F. It is allowed 
to stand at 122° F. with repeated ^^lirring, until its acidity 
is about 1.5°. About thirty hours after the begimiing of 
the mashing ojieiation, the material is ra})idly cooUkI to 
77’ F., the souring meanwhile having ])rogressed to about 
2°. Previously, about a tenth of the matci ial is rcnnovcd 
for later use. About 1 gallon of mother yeast is added to 
every 5 gallons of the mash, at 77° F., and the mixture is 
then allowed to ferment. No malt is used in this method. 

II.-SOURING THE YEAST MASH. 

After the mashed yeast mateiial has stood at the mash¬ 
ing temj)erature for about two hours for the purpose 
of saccharization, vigorous lactic acid fermentation is al¬ 
lowed to set in as ]>rotection against inimic<il organisms in 
the mash. The lactic acid is ncc(‘ssary because schizomy- 
<‘etes are inca]table of develoitnumt in strongly acidulated 
fluids. Furthermore, lactic acid jtossesses a peptonizing 
action ujton albuminous substances. The latter, through 
this action, become available for the yeast. 
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T]mt tlio dovolopment of the aeid in the yeast mash may 
not bo dependent upon ehanee alone, and in order to avoid 
the danger of tiie i)iodnetion of unsuited races, it is nci-es- 
sary, at the beginning of the opmalion, to introduce suit¬ 
able cultures, and to ke(‘p tlie mateiial in a pure condition 
by maintaining it at the proper souring temperatures. 
To show how inex])ensive this opeiation may be, a small 
tiask of hu'tie aeid culture olitained from the 1‘ure \'east 
('ulturo Institute at Berlin, for 1 mark, or 25 cents, is suf¬ 
ficient for a yeast vessel having a ca|)acity of 4i) gallons. 

It is of great importance that the yeast mash be soured 
very ra])idl>’, and for tiiis ]>ur)K)se it may be infected with 
sour yeast mash from a previous operation, by the intro¬ 
duction of jnire cultures, or, if necessary, by the addition 
of a few (|uarts of sour milk, 'flie souring is allowed to 
l»rogress to 1.8° to 2.5° of acidity, according to the method 
used. 

If the lactic ac'id fungi have once located in a distillery, 
the souring of the yeast mash will doubtless continue of its 
own ai'i'ortl. It is, hower’er, much salci' to effect the sour¬ 
ing of the yeast mash liy the addition of pnu iously soured 
mash from earliei- operations, and tli(*rcby to continue the 
use of the same race in the distillery by means of infection. 
In this, however, certain considerations must be tsikeu into 
account. Ifeinzelmann, foi' instance, warns us of the dau- 
gei- of adding too great a <iuantity of the sour fnash, for in 
this case such large (|uantities ol hu'tic acid are set free in 
the mash that they may prove dangerous to the diastase. 
It is necessary to permit the mashing material to stand 
for at least an hour for (‘om|ilete sac'charization, and to 
refrain from adding the sour mash before cooling to 128" 
F. has been etfect(‘d; 1 gallon of sour yeast mash is 
necessary for 200 of yeast mash. Kven if the mash sours 
with difficulty 2 gallons will ])robably be (piifi* sufficient. 
The action of the diastase must, under no circumstances, 
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Ijo iotarde<l l)y t]ie lactic acid. Tlie sour yeast mash which 
is added to the sweet mash sliould, according to J-Coppliu, 
never he allowed to cool to a low temj)erature. If it cannot 
at once lu' used t'oi' souring it must he placed in a vessel 
in warm water and maintained at a temi)eratur<‘ of about 
l.'JI" F. A comparatively smaller (piantity of a yeast 
mash of this kind should he used, as the danger of injuring 
the diastase through the lactic acid is then less imminent. 

k’or the ])ti)duction of as pur(‘ as i)ossihle an acid the 
souring must proceed at those tenijK-ratui'es which are 
most favorahhi to the devclo]iment of useful lactic acid 
bacteria. It has Ijcen shown that the best tempeiatures 
for this ])urpose lie hidweeu 122" and Idf" F. In distil¬ 
leries using concentrated mashes, the souring iieiiod is 
usually twenty to twenty-four hours. I’o maintain the 
jii’cviously mentio7i(Hl souring temi>erature during the en¬ 
tire ))eriod, it is necessary to jirovidc a warming cham¬ 
ber for the manufacture of the yeast, ddiis should Ik? large 
enough to contain only the ncci'ssary number of souring 
vessels, and it must he provided with heating a[)])aiatus 
wheri'with it can he warmed to the desired temperature, 
■with the consumiition of little steam. Sometimes the sour¬ 
ing temperatuie is regulat<‘d by r(‘peated heating with the 
steam mashing oar. The yeast chamber shoidd he kept 
uniformly warm, and the sides of the yeast vessels should 
1)0 coiited with concentrat(>d mash; at the same time the 
latter should be covei'cd with wooden lids upon which iiro 
])laced hags or straw matting. I’referahly, tlu‘ vessels 
should he so fornied that the coveis are depiessc'd and air¬ 
tight, so thfit hot watei' can he poured into them. 

E.\i)ei'iments have shown that lactic acid itself renders 
the acid ferment weak and ineffective. Thus, it has long 
been known in j)i'a<‘tice that little acid is formed during 
fermentation if the yeast mash is very sour. From this 
it is evident that strong souring is of great adv'antage 
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Ill suppressing tlio growth of scliizomycotes in the yeast 
mash, as well as by impairing tlio vitality of the lactic 
ncid ferment. In eonseipienee, the yeast wlien trans¬ 
ferred to the chief mash is thorougldy developed and 
vigorous, and is abh; to indiu'e pure alcoholic fermenta¬ 
tion, while at the same time, it is cai)able of ovei'coming 
eveiy by-fermentation. 'I’hough the lactic acid ferment is 
detrimental to alcoholic fermentation, it is bcnidicial to the 
yiast during the stage's of its elevclopment. It has been 
shown tliat lactic acid present in small (|uantilies, not 
o\('r ] per (‘cnt, assists fermentation, but if the' content of 
the' acid increases to 2 jier cent, fermentation is arrested. 
Other acids and salts affect the fermenting process, though 
in carving degrees, in the same mannei' as lactic acid. 
.\s said before, Delbriich holds that the power of injuring 
fermentation through lactic acid is rendered ineffective 
by he ating the sour yeast material after the' completion of 
the souring, to 1C>7" F., and maintaining it at this tem¬ 
perature for about a (piarter of an hour, d'his heating 
doe^ not kill the acid ferment, but it weakens it so ma- 
teriallc that it is incapable of exerting its injurious activ¬ 
ity afti'i’ the mother >'east is aehled. 

III.-THE USE OF TECHNICAL ACIDS TO REPLACE 
FERMENTATIVE SOURING. 

As the cultivation of the lactic acid fungus, described 
in tile jirevious si'i'tion, requires not only a scric's of special 
aiipliances, but also great care and close observation by a 
conscientious, I'xperienced, and trained distiller, the re¬ 
placing of fungus souring by chemical agents of anti¬ 
septic nature has long been the obji'ct of researches and 
exi»erimeuts by fermentation experts. The technical acids, 
esiH'ciall.v, havi' in recent times been emjiloyed as at- 
temiited substitutes for natural souring. For certain of 
these ai'ids siiecial methods have been develoiied. The use 
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of tlii^ xu.‘i(] was always j)roj)ospd with a view to avoiding 
the neeessity ot laetie aeixi feniientation and, with the hope 
ot thert“hy simplifying the method of oi)eiation by short¬ 
ening the ])eiiod of yeast preparation, usually forty-eight 
hours, to twenty-tour hours, 'riie following methods are 
of importanee in this eonnection. 

1. Fluoric uciil ucast. The valuable eharaetoi'istics 
whieh tluori(‘ acid possesses as a baeteria ])oison for dis¬ 
tilling mashes, were (list rcH.'ognizetl and more closely in¬ 
vestigated by Effront. Jle showed that a yeast whieh 
was gradually aeeustomed dining a long jieriod to in- 
ereasing (pianfities of lluoiii* acid could lie de\'eloi)ed in 
such a manner that it was capable of withstanding Huorie 
acid in ((uantities whieh were not only poisonous for the 
baeteria, hut whieh would otheiwise have been inimical 
to the yeast itself as well. Yeast aeeustomed in this man¬ 
ner to duorie acid was found able to withstand quantities 
of the acid far greater than any of the haetm ia detrimental 
to fermentation. With the iiroper use of this nudliod, and 
with the inaintenanee of certain determined conditions, 
whieh the inventor has made public in a process jiatent, 
fluoiii' aciil can he used with succi'ss in the distillery, 
t'luss has investigateil the fluorides, especially fluoride of 
aluminium, as substitutes for fluoric acid, and has used 
them with success in mashes. T’he fluorides were used in 
quantities of VL’ to 1 ounce for each 25 gallons of mash. 
It would apiiear that the use of the salts is preferable to 
that of the acid directly. 

2. Tcchuicul luetic acid. The first attoiniits to use 
technical lactic acid wcie carried out in yeast factories by 
Dr.' Welnner, while T)r. H. Lange first investigated the 
same substance with regard to its utilization in potato dis¬ 
tilleries. 

The result of the latter’s investigation showed tliat 
this acid could l>e used })rotitab]y in iilace of the lactic 
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acid fermentation induced by funjj;i. Tiie quantity of the 
acid which is used for the purpose ap[iroNiinates I galloii 
for each 100 gallons of yeast mash. In fact, in one dis¬ 
tillery excellent results were obtained by the use of 0.5 to 
0.7 gallon of the acid i)er 100 gallons of mash. 

If too much lactic acid wane used the sedting in of th(! 
feimcJitation would he delayed. With tin' (piantities of 
acid given above, such was not tin' cast'. 'I’he souring in 
th(( vat, the alcohol yield, the di'grec of the fcijiienta- 
tion, etc., weie all excellent, and we may assume from 
these ex])('riments that the replacing of the natural lactic 
acid by tin' technical aci<l can be successfully accom- 
])lishcd. In yeast pre])aration of twenty-four hours dura¬ 
tion the method with the technical lactic acid would be 
as follows: 

d'he icipiisite (luantity of lactic* acid, about half a gallon 
jier 1(10 gallons of yeast mash, is added after the com¬ 
pletion of tin' mashing jeeriod and aftc'r the yeast mash has 
stood I'oi' about two hours at Idf"* to 14(1“ hh for the ])ur- 
posc c'f sac'charization. W'ith a view to preserving the 
diastase, the lactic acid need not bc' addecl until 122“ h’. 
is rcachc'd during the cooling jieriod. Of course, it would 
b(' a mistake to wait until the pitching tenqjerature of the 
yeast wei'e reached before adding tin' lactic ac'id; for it is 
well known that under 122" k\ organisms detrimental to 
fc'i'incjitation locate in the mash, and if tin' lactic acid does 
not appear until later tlic'ir sup])i'essioji is incomiclete, or, 
at any rate, not fully assured. Naturally, it is unneces¬ 
sary to maintain the yeast mash set with lactic acid, at 
the souring temiK'iature for a longei’ jieriod, and it may 
immediately be cooled to the ])itching temi>erature. In 
using the technical lactic acid there is the advantage that 
a series of ojeerations in the preitaration of the yeast is 
avoided, and, furthermore, the desired degree of acidity 
can be attained with certainty. It is merely a (piestion of 
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whether or not tlie attainable advantajfos more than hal- 
ane<‘ tlie iiu-reased cost due to the addition of the laetie 
acid. It is certain tliat greater exjxmsc is ineurred, due to 
tlie high price of the acid, which obtains to-day. It is 
hardly to he c.xiieeted that the new method will he in¬ 
troduced generally into iirojicrly ordered distilleries, but 
it doiditless will he found of use in case of interripitions 
in the operations, or if a|)paratus for the usual fungus 
souring are not available. It must he understood that 
technical lactic acid cannot he used without fully under¬ 
standing the [irocess. d'horough attention must he given 
to the (piantity of acid to he added, as well as to the method 
of conducting th(‘ fermentation, the temperatures to he 
maintained, ami other necessai y jihases of the woi’king. 

d. The piovcss of prodticittg iirtificiol pco.^f iritit the 
aid of laetie acid and ludatde fattp acids, and n ithont 
fungus fenneutidion. During the course of the ex|)eri- 
ments which Delhiiick undertook with a xiew to using 
lactic, acid as a substitute for the fungus fermentation, it 
was noticed that the minute ipiantities of butyric acid 
which occurred in the impure lactic acid of commerce did 
not jiossess an inimical action with regaixl to the yeast. 
For this reason If. Ijange studi«’d a nunihci' of artificial 
yeasts for a considerable jicriod, gradually augmenting 
their aiddity by the addition of increasing (piantities of 
butyric, acid. It was iiossihle to bring the butyric acid 
content to a jioint such that its destructive action with re¬ 
gard to the schizomyc(>tes was far stronger than that uiion 
the efficacy of the yeast. Yeasts carried under the protec- 
tipn of this acid remained i>ure for a much longer peMod 
than when jirovided with imre lactic acid. However, tho 
proeess, which in the interests of the Association of 
S[)irit Manufacturers of (rcnnany is protected by patents, 
has so far found no i>ractical utilization. 

4-. The proposed use of mineral acids as substitutes for 
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fuHgius fc.DiK'nIdiioii. Dr. liiiclieler lias dovolopecl a 
piucess lor tlio utilization of sulphuric acid, which is char¬ 
acterized by tlie refijulatioii of tiu' acid added hy iiieaiis of 
a special titration method, in which the yeast is provided 
with so much snlplmiic' acitl only, that the organic salts 
naturally jiresent in the mashing material air* (Us'omjiosed, 
wheridiy organic acids ar(> libeiated, while the mineral acid 
itself r(Miiains inactive. J>y m(*ans of this method, too, 
artilifial \( ast pieparation is materially sinijililied; hettcu- 
r(*siills, however, than with the lactic* acid fermejitation 
method in common use, have not hc'en attained, it re¬ 
mains to ho discovered whether or not the introducjtion of 
this ]croc<»ss will ]»ay for thcr iiatent, fees by simplifying the 
manufacture of artificial yeast. 

5. 77cc a.s'c of gcdst oxfiiui for laciir odd yrdfit or 
xulphiiric dctd yodnt ii itliodl iindl, dcoord'nig to Baxer’s 
jxitoid. 'This process is eharacteri/A'd hy the use of a 
special yeast extr.-ict iirodueed from the substances of the 
yeast through self-digc'stion. This extract is antisofitic, 
and nia\' he* added to the yeast mash in working with Iioth 
lactic* and suljchuric* acids. The c'xtract (*ontaius those suh- 
stanc*c>s whic*h are esjiecially suitable for the nourishment 
of the yeast, ]>articularly nitrogen c*omhinations and ]ilios- 
phate in large <|uantities, and it is es]>ec*ially adapted for 
use in niashc*s which are ]ioor in snc*h substances, for in- 
stanc*e, in molasses mashes. At the ]iresont time this extract 
<*osts SO ))f. ]ier kilogramme in (lermany, that is, about 8 
(*eitts a ]M)und. jVc*<*ording to Bauer’s figures one ]iound of 
the extrac*t is suflicient for 1,500gallons of yeast mash. This 
jiroeess, however, has not as yet found general utilization 
in potato distilleries. 

IV_STERILIZATION OF THE YEAST MASH BY MEANS OF 

HEAT. 

When the lactic acid formation has jirogressed to tlie 
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(iosirod ])oint, tliat is, when the yeast niasli has attained a, 
degree of acidity of at least 2, possibly 2.5 to 2 eubie 
eentiineters of acid (determined by a eorresjtonding (Hian- 
tity of standard solution), the mash is warmed by means 
of the steam mashing oar to a temperature of 1()7° to 17()° 
F. in ordei- to (h'stroy thereby the laetie aei<l and otlier 
bacteria. This raising of the temperature is, according 
to the pi’esent standpoint of our knowledge, of great util¬ 
ity, and should be carried out regularly in every distil¬ 
lery. ^die lactic acid bacteria wliich are su})pressed there¬ 
by, have accomplisla’d their ])urpose and should ho pre¬ 
cluded from the furtlier oi)eiations. 

d'hi‘ np])lication of this (h'gree of heat to the yeast mash 
has not found favoi- with all ])ractical distillers, as fur¬ 
ther acid formation is theiehy sui)pressed. d'he heat¬ 
ing to 1,()7° to 17b' F. to destroy the lactic acid fungi is 
thus justified only when a vigorous souring has already 
been effected. Should this not be the case, the warming of 
the mash may have directly injurious' results. 'PheiH'fore, 
it should always be determined by ascertaining the acidity 
of the mash whether or not tlie re<[uired souring has been 
produced. Should this souring not have progrc'sscd far 
enough the mash should not be raised to the high tem|)era- 
ture mentioned, in ordei- to pi'ovitle an o]»portunity for the 
production of the rc<|uisite acidity through a jiossible after- 
action of the lactic acid bacteria. Under certain circum¬ 
stances this hope may not lie fulfilled. In general, weak 
lactic, acid formation in the mash should not occur. If the 
<)uantity of lactic acid formed is not satisfactory, it is 
either due to the fact that the souring temperature was 
maintained at too high a iioint or that unsuitable lactic 
acid races w<u-e jiresent. In the latter case, there should 
be no hesitation in procuring new, pure lactic acid cul¬ 
tures. The mother acid for souring the yeast mash on 
hand should be removed hi'forc wanning the mash. 
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V.-COOLINQ THE YEAST MASH. 

After tlio mash lias hoen wainifd aiul allowed to stand 
for about half an liour, it is cooled to the ])itcliing teiniieia- 
tuie. Attenuated yeast niashts should be piti'lied at a 
lower tenii»eiatnre than concentrated mashes, foi- the dan¬ 
ger of the development of inimical organisms is greater 
with higlier tlian with lower temiieratures, an^, in a thin 
mash it is especially jironiinent because of the smaller al¬ 
cohol (luantities produced theiein. Foi- this reason a thin 
mash should be (‘ooled to 5ib K., while in a mash of 20 
saccharometer the higher tem]>erature of (i.T to (18° F. may 
be chosen, as the yeast develops more rapidly and soundly, 
and without danger of infection. Jn cooling it is necessary 
to ])ass rapidly over tlu' dangerous temiieratures between 
IFF and 113‘ I*'., w'hich are favorable to the development 
of schizomycetes, and, therefore, it is absolutely necessaiy 
to iirovide powerful and rajiid cooling, especially between 
these temiieratures. All care in the iii'eparation of the 
yeast is unavailing if detrimental fungi are given the op¬ 
portunity to develo]! through conditions, arising with 
slow (ooling, which are favorabh* to their growth. Foitii- 
erly it was bcdiio'ed to be sufficient to introduce a rigid 
(*oolcr in the yeast mash and to permit the cooling wader to 
H(wv thiougli this cooler. Such devices generally consisted 
of double-walled, eylindric-al vessels, or of cooling coils 
which were constructed of Hat, wu'ought copper pipes. 

'file cooling water was simply iMUinitted to How’ through 
coolers of this kind, aJid the mash was manually or me¬ 
chanically stirred from linn* to time. lAjr rapitl cooling, 
I'igid d(‘vices of this construction are not effective. Vigor¬ 
ous cooling should be provided by making the coolers mov- 
abl(>, by arranging them so that they are at the same time 
ada]it(“d to act as stirrei's, or by providing for the constant 
agitation of the yeast mash, in order to aggravate the cool¬ 
ing action. Such cooling devices may be actuated either 
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by mechanical iiower or by the cooling water itself. Cool¬ 
ers driven bj' ineclianical power are connected by means 
of suitable transmission devicjes with the motive jiower of 
the distillery; they consist of cojiper cooling coils which 
aie moved up and down in the mash. Sometimes the dis¬ 
tillery is jirovided with a small, separate steam engine, 
which can be keiit in operation beyond the usual work¬ 
ing })eriod of the ])lant, by means of the residual steam 
lemainiug in the boilers, and which can be used for driv- 



Fki. r>7.— UouM's AcTOMATir Ykast Cooi.ku. 

ing the movable, fermenting vat cooling devices of the 
chief mash, as well as for the operation of the yeast cool¬ 
ing and warming coils. An installation of this character 
is illustrated in Fig. 56. 

Yeast (foolers whicli are driven by wmter ])ower vary 
substantially in construction, 'fhe cooler of this type 
constructed by Bohm is illustrated, for e.xample, in Fig. 
57. The cooling water, which enters through the l)ipe P, 
first flows into the upper one of two tip])ing cups J, J, 
which are rotatably mounted upon a shaft and are held 
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in a horizontal position by means of a spring M. When 
the upijer cup is filled the weight of the water rotates 
the shaft upon which it is mounted, and the water is 
omiitied out into tlu' encasing tub, hung by means of rods 
upon the lever II which is secured to the cooling coil, 
the latter being raised thereby. As soon as the water has 
escaped from the casing the cooling coil returns to its 
depressed position, and thus the action continues regu¬ 
larly as the cups are alteniately filled and emi)tied. 

VI.—THE ADDITION OF THE MOTHER YEAST TO THE YEAST 

MASH. 

The mother yeast is added during the cooling of the 
yeast mash. It takes place when the cooling has })ro- 
gressed to appro.Kimately 86° F. Under the tcnin mother 
yeast is understood the ])ortion of the yeast which was 
withdrawn from the previous yeast ])re])aration, when it 
had attained a condition of “ri])eness.” It is advisable 
so to regidate the individual ojKU’alions of yeast piepai'a- 
tion, that the yeast mash to be set is at the j)ro])er point 
for the addition of the mother yeast when the yeast, 
which is undergoitig fermentation, has reached that j)oint 
of rijiencss beat suited to the removal of the mothei’ yeast. 
By this imdhod the standing of the yeast mash for a 
longer ])eriod is avoided; this should alwa.ys be accom- 
])lished, if i)oasible, to prevent the o<‘currenc(! of “dead 
lierioda,” which aie liable to cause considerable injury. 
Furthennore, in the yeast ])roeosses care should be taken 
that each individual o))eration is followed diiectly by 
the succeeding operation, and that no periods of rest 
intervene, as these are favorable to the infection of the 
yeast. It may be said, then, that under no circumstances 
should a period of rest of longer duration be pennitted 
between the ending of one operation and the beginning 
of the ne.\t. According to the old methods of yeast 
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])rei)aiation, tlie cooled yeast was allowed to stand for a 
considciablc time helore it was pitched, and this was a 
dead period which undoubtedly was dangerous. A 
furthei- danger lay thercun that often no attention was 
given to piepai ing the yeast in such a manner that it 
was ready e.xaetly at the time when it was to be added 
lo the cliiet mash. Often the yeast was already comph'te 
on the evening ])revious, and was allowed to stand over¬ 
night; (hiring this ])eriod it lu'came wcxikeiu'd and was 
exposed to the danger of infection. A yeast wdiieh had 
b(>come wealomed in this manner luni to he freshened, 
that is, it had to be brought to a higln'r ]K)int of fer¬ 
mentative efficacy by the addition of warm sweet mash, 
jiiid hereby it was again exposed to the danger of in¬ 
fection heeause of the dilution of the i)rotecting acids, 
d'his danger is avoich'd liy so pn^paring the yeast that it 
is ready at the exact time wlum it is to be used, as 
thereby this dangerous freshening of the yeast becomes 
unnecessary. At this jioint mention should again bo 
madi of the fact that the mother yeast used for the 
feiinenling of the chief mash should, under all circum¬ 
stances, be derived from a known and a])proved race. If 
a distilhn- believes that he ])ossesses a ])artieularly ef¬ 
fective race he should, of course, kei']) that race and use 
it in the distillery; it is jn-eferabh*, however, at the be¬ 
ginning of the operation, to lu'ovide a race intended for 
coiuHiiitrated mashes, and to projiagate the mother yeast 
from this. It is also advisabio to renew the original 
anp])ly of ])ure culture yeast from time to time. It cannot 
he d(»finitely stated how^ often this should be done; the 
ex]>erience and knowdedge of the distiller must decide this 
<|uestion, for it often ha])|)ens that in one ])lace yeast 
degimerates moie rapidly than in another. At any rate 
as soon as there is the slightest interrnjhion or deci’case 
in the yield, pure yeast culture, as well as pure lactic acid 
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culture, should he i)iovided, and no time should he wasted 
in atteniptins artificial bettennents. 

'^riie mother yiast is introduced into the yeast mash at 
a tem))erature sucli that its reproduction can bej^in at 
once—that is, at about Sti' K. 'I'he mash should then 
immediatel\' he cooled to the best temperature umho' th(> 
local conditions obtaining; this temi)erature deixmds cs- 
l)ecially ujion the degice of concentration oi‘ tlie y('ast 
mash, the temperature of the fermenting room, and 
the size of th(‘ yeast vessels. 'Phere should be no delay 
in the pi’ogicss of tin* cooling, for at Sti' l'\ the conditions 
are extremely favorable to the develoinncnt of injurious 
sijiizomycetes. 


VII_FERMENTATION AND YEAST DEVELOPHENT IN THE 

YEAST MASH. 

After the introduction of the mother yeast, the sjiore- 
fonning activity and the fernumtative action of the ycaist 
begin. Htrangely enough, it is not advisable to i)rovid(! 
conditions favoiable to the develoiiment of these func¬ 
tions; instead, such climatic conditions are imitated that 
the suppression of inimical fungi is elTected in accord¬ 
ance with tin* ])rinciples of the “natural jmre culture,” 
which were advanced by Delbriick in 1895. Suitable 
means for overcoming injurious schizomycetes are found 
in vigorous souring and in tlu? alcohol ))roduced by 
thorough fennentation by the yeast itself. It was formerly 
an o|)en (piestion whether or not the yeast mash should 
be allowed to ferment strongly or weakly; but it has 
to-day been decided that in order to keo)) the yeast i>ure, 
it is absolutely necessary to ferment the masli strongly, 
that the greatest possible <piantity of alcohol may be ])ro- 
duced therein, as we know that the alcohol is inimical to 
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tlio development of detrinuoital uiieio-organisms. Yeasts 
wliicli have fermented weakly are easily infeeled; hut, of 
(“oui'se, under favoiahle eireumstanees, good results may 
h(; olttained with them, though they ai(* ahvays extrcuncly 
uncertain in opeiation. 'fherefore, it is necessary to 
])ermit a yeast of 20 to 24 by saceliarometer to fer- 
meut to 4° to 5 IJalling. Formeily, the leiuientation 
was allowT'd to [)r()(‘('(al for about ten to fouiteen hours 
only, hut with the greater sugar eoTitent customary 
today, tlu! fei'meiiting period is usually iifteen to tw'enty 
houis. It is true that tin* fermentation must not he ear¬ 
ned to th(> complete decomi>()sition of the feiiuentahle 
suhstan(‘<*s; for, on the one hand, the mother yeast must 
h<! removed at a point when the yeast is at the height of 
its (hwelopment, and, on the other hand, the yeast must 
und(‘r no (‘ircumstances he allowed to progri-ss to a ])oint 
wdiere it is w’eak arul old when it is to he used. 'I'liere- 
fore, u]) to the time of its use it must continue to fer¬ 
ment strongly. Kvery interru))tion, oi- riither arn'station, 
must he avoided in this regjird. On the otluu- hand, it 
is ('(pially an erroi" to use llie yeast when it is too young. 
Deihriick is of th<^ opinion that tlu' yeast should he used 
when too old ratluu' than when loo young, as too young 
a yeast does not later possess the ability to reproduce it¬ 
self actively wdien introduced into tin* mash, and this 
elTica('y is a |>rime necessity, d’he yeast must become 
thoroughly I'ipe in the yeast mash, and a rijie, fully de- 
A’eIo|)ed Aeast only jtossesses the re)>roducing effit'acy and 
fermentative ])ower necessary in the chief mash. Unri]io 
yeast is in a luxui'ious, straggly condition, and ju'oduce.s 
foaming fennentation, wdiih' ripe ycaist is in a robust 
mature state, and jnoduces smooth though vigorous and 
enduring fermentation. Tile riiiened condition of the 
yeast is reached when the fermentation has advanced to 
about 4° to 5“ Balling. 
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VIII.- REnOVAL OP THE MOTHER YEAST. 

Al)out one or two liouis lieforc the slate of complete 
rij)en(\ss is leaclied, the inotliei’ yc'ast is removed from 
file yeast mash, and is introduced into a copper vessel. As 
the enzymolic condition is constantly undergoing changes, 
the vessel is jilaci'd in water as cold as can he obtained, in 
ord('r by an cfl'ective cooling to favor as far as |)ossih!e 
tlie development of the fcrnuudatioincxciting (Mizynu', 
zymase. \ mother yeast of api)roved ([uaiity can often 
be kej)t from one yeai’ to another if enclosed in metal 
vessels, and kept on ice and 2 n'opei ly disitd'ceted. Such 
mother yc'ast is used from year to y('ar at the com- 
meni einent of each season. A yeast of this charaeder, 
with rational develojanent and normal ])ieparatiou, 
usually retains a uniform efficacy. Lately, liowever, the 
o])inion has been gaining ground, that it is of greater 
advantage not to store uj) the mother yeast for longer 
(ieriods, but instead to conduct tbe yeast i)rei)aration in 
such a manner that, at the time when the yeast has fully 
i'i))ened in a yeast mash, the next yeast mash is exactly 
at that ])oiut wlu're it can be set with yeast from the 
rii)ened mash. In this Tuanner aie best avoided the dan¬ 
gers which are connected with the [)reservalion of the 
mother yeast, d'he (|uanlity of the mother yeast used is 
generally about 1 o to 1/6 of the total yeast mash. UiKUi 
the quantity of the mother yeast diqiends the nund)or of 
tlie newly formed cells, as well as the character of the 
yeast to bo developed. small quantity of mother yeast 
])roduces young yeast, while a large ipiantity tends to 
accelerate the aging of the cells; in the first case, a 
luxuiious yeast, and in the latter, a robust yeast are 
obtained. If, however, it is the intention of the distiller 
to i»reserve the mother yeast, the o])eration should be 
carried out in special vessels of tinned sheet iron, i^ro- 
vided with well fitting lids and placed in cold water 
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not oxoceding' n inaxiiTiiini toiniterature of 54.5° F. If is 
jireicrahle to k<*oj) tlio yeast iti vessels iiioinited on pedes¬ 
tals and pi'ovided with annular lids, the rims of which 
(‘xtend ))eyond the edge of thi> v(\ssels Ixdow the surface' 
of the cooling watei' in whi(‘h they are placed. In this 
manner the aij' with its atte-iuling dangers of infection is 
excluded. For jereserving mothei’ yeast feer a longer 
jieriod, Ma(*rek('r reeomnu'nds drying slowly at 111° F. 
'Phe dried yeast is keiit in air tight metal vessc'ls upon 
iet', with the aeldition of cane sugar, (‘hai'eoal, etc., to the 
s('mi-moist y(>ast mass. Ii(‘itd\(' has devised an excellent 
method for the lere'se'i vation of yeast, which pievents its 
infection during the process of i)reparation for piX'ser- 
\ation. 4'h(' yeast is wrap])('d in thoroughly sterilized 
lilotting paper, and is fr('<‘d from water in [U’esses, bt,>- 
lwe('n asbestos ])lates, whi(‘h, of eours<', arc* also sterile, 
d’he operation is eari'ied out in a cold (‘iirn'iit of air 
previously sterilized and dried by means of eoneentrated 
suli»lnirie acid. In this wax' the packages of yeast are 
almost eom|)letely dehydi'atc'd. The ])r(‘])ai'ation should 
Ik' eondiK'ted i?) a room fiee from dust, whic'h has been 
sprinkled with water. Wlu'n the yeast cakes oi- ])a<*kages 
have b(‘en dehydrated they are embedded in cold 
sterilized pla.ster of Paris in tin boxes wbieb ai'e soldered 
down when filled. The pbister of I’aris absorbs whatever 
moistui'e remains, and forms a tight cover. By this 
method infection is absolutely iireeluded, and the yeast 
may be kept for years without injury. 

iX—THE USE OF RIPE YEAST FOR PITCHING THE SWEET 

HASH. 

d’lie ripe yeast should be added to the sweet ina.sli at 
a tcm]K'iature such that energetie )iropagation can at once 
set in—that is, at a temperature of about 8(i° F. If 
l)reparatory mashing vats with water cooling are avail- 
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iilile, and also if tlio distillery is provided witli eool hods, 
the piteliiijg operation is a siinpl(' one. Only where the 
in'oeess is carried out with spe('ial ('oolin<>: apparatus, can 
the yeast he added directly to flic fully cooled mash in 
the ferinenting- \'at. and this inode of working is con¬ 
sidered l(‘ss advantageous than the oth(>r. It was for¬ 
merly customary to freshen or re\’i\'e the yeast with sweet 
mash hefore it was introduced into tlu' (‘hief mash, in 
order to induce furthei- growth of th<> y(’a.st through the 
addition of new snhstanc(>s caiiahle of iermentation, thus 
obtaining a moii' vigorous fermentation. 'I'he further 
growth of the yeast is due to the dilution (d'fecti'd !)>' tlie 
sweet mash. 'Po-dav, as the yeast is ke|it in li\'ely fer¬ 
mentation until the (>nd, and as fnrthi'r proiiagation is 
impossihle because of the high alcohol content, th(> ]iitch- 
ing of the yeast with sweet mash must he regarded as 
nnncci'ssary and siiperthious. As the yeast is protected 
from infection hy a high degree of acidity in the yeast 
mash th(> freshening mav r('alh’ ho regarded as a dan¬ 
gerous ojieration, as it dilutes the acid in the mash. 

X.-SPECIAL DIRECTIONS FOR YEAST PREPARATION. 

d'he preparation of yeast from imre green malt has 
been abandoned, for a material of sutticient concentra¬ 
tion cannot he preiiared with it. Neithei- is the employ¬ 
ment of spent wash yeast to he recommended, according 
to the methods in use at present in the distillation 
industry. Hut under certain (‘onditions it may he advis¬ 
able to add a small <|uantity of spent wash in jilace of 
mashing water, for the purjiose of increasing the souriK'ss 
or acidity of the yeast mateiial. In the prc'iiaration of 
the yeast, dead ])eriods, that is, intervals during which 
infection hy inimical organisms can occur, should he 
avoided. 'Phis is of sjiecial imjiortanci' with the modern 
use of pure yeast cultures, for during intiu'vals in the 
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preparation tliore is the over present danger of spontan¬ 
eous sowing of wild yeast raees fi'oui the air. 

h’or each 1(10 gallons of ea])ai'ity of the yeast vessel, 
ahoiit no gallons of sweet mash and 22 ])Ounds of gieen 
malt ar(> mashed together, the swc'et mash heing freed 
I torn husks by means of a sieve. The yeast mash is 
allowed to stand at 144° h'. for about two hours for the 
purpose of sa<'(‘liai ization. At'tei- this the mash is cooled 
to I.’!.'! to i;!.")' F- by repeated stirring with (he mashing 
oar, while at tin* same time 1 to 2 gallons of sour yeast 
masli, or the (‘ontents of a llask of ]uire lactic acid cidtuie 
ail' added. 'I'he mash is allowed to stand but is carefully 
watched that the temperature may at no time fall 1h4ow 
122 k’., until the desired degrei' of acidity, at least 2' .j“, 

though possibly 3', is attained. 'To inevent excessive fall 
of temperaturi' till' steam mashing oar is used v\'heu neces¬ 
sary. i\ftei’ (his, the yeast cooler, which should iirefer- 
ably b(' movable, is iutioduced into the vessel, and the 
mash is raiiidh’ cooled to Sti" I'\, in about twenty min¬ 
utes; (he mother yeast, or (he ri|)(‘ \ east fi'om the ini'vious 
least preparation is then added, and the cooling is 
allowi'd to progress to (he desiri'd ]iitehing (einjieiature. 
4'hc (em|)('rature of tlii' yeast now rises to 7!' to S.‘> F.; 
it should ferment to 4“ to (!° by saeebarometer. If the 
yeast has stood for a longer jieriod than originally in¬ 
tended, bi'causi' of inti'iruptions in (he o])eration or for 
other reasons, it should not be iiitehed with sweet mash, 
but, instead, soured mash should bi' used for this purjiose. 

.\nother method is carried out as follows; IbO gallons 
of fresh, swei't, jiotato mash, fieed from husks, 17(5 
]iounds of barley malt and 2(i4 ])Ounds of water at about 
l.o8“ F. arc used in the ini'paration of tiu' yeast mash. 
The malt, ivhieh should be double-crushed, is thoroughly 
mashed with wati'r, and to it is thi'ii added the cleared 
sweet mash, which is thoroughly mingled with the malt 
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niijk. After the completion of the mashing, the tein- 
l)ei'atnre should ho about 144° to 146° F. The yeast mash 
is allowed to stand at this temperature for about two 
hours, and is then cooled to 12()° to 129° F., at which 
temperature tlie acid toimation takes place. After the, 
completion of the soui'ing and the removal of the mother 
acid, the mash is again warmed, and is allowed to stand 
for about halt an hour at 167° h\ After this it is cooled 
to the ]Mtcbing tempeiatuie, and is set with mother yeast, 
'fhe i)itehing should not be carried out before the yeast 
mash has been ()roperly cooled to the necessary pitching 
tem])erature. In about twenty hours the tempei'ature will 
have risen to S<)° F., and the sugar will havm been fer¬ 
mented to about 5“ by sacchaioimder. j\ftei' this the 
mother yeast can be removed. Tbe yeast is added to the 
mash in tlu^ ])reiiaratory mash vat at rtti" F., without being 
lu'cviously set with sweet mash. 

XL—THE INVESTIQATION OF THE YEAST. 

The following deteiniinations must be nuuh' with re¬ 
gard to tlie character of tbe yeast: 

1. Th(' DclcnnuHitUni of the Degree of the Fenneii- 
tatiou. — d’his is carried out in the usual nmnner with the 
aid of the saccharometer and a yeast liltrate. d'he 
saccharometer reading obtained from the filtrate of the 
sour yeast mash is compared with that obtained from ripe 
yeast. As has been stated above, yeast in a condition of 
ri[)eness should be fermented to 4" to .o‘ Balling. 

2. The Determbiatioii of the Ac/d/V//.—Since we have 
learned that pure lactic acid fermentation, accompanied 
by the accumulation of acid, is the most im))ortant })hase 
in the pieparation of the yeast as regards the protection 
of the yeast mash against infection, the determination of 
the acidity of each yeast mash seems indispensable. The 
titration apparatius illustrated on page li)8, and supplied 
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ill this form in Gonimny by tlio Association of Sjiirit 
iVJanufactnrcrs, is used for tlio jnirposc. 

'riu* yeast masli to he investigated is first filtered 
through a filter sack, and 20 cubic centinuders of this 
filtrate are taken up with pipctti' and allowed to flow into 
the cii]) <!. Standard soda solution (corresponding to dl 
grammes of smia in tlie liter) is drawn from the burette, 
which is gradnat(‘d in cubic centimetms, and is allow(>d 
to mix witli the filtrate, whicli is <‘onstantly stirred, until 
a drop of the mixture taken u]) on a glass rod and 
allowed to fall on a strip of litmus ]>aper produces no 
red discoloration, but just begins to tinge the jiaper lilue. 
'file (|uantity of soda solution in cubic centimeteis corre¬ 
sponds to the acidity in <l(‘grees. j\s numtioned before 
ilH> ymst mash should possess a final acidity of 2.5’ to db 
'I'lu' acidity of the sour yeast mash, as well as that of 
till' ripe veast, should be determined, and (ho two results 
should cori'cspond approximately; the acidity of the ripe 
yeast should at the most, hi' 0.1 to 0.2" higher than that 
of the other. This incrixise in acidity may also oi'cur in 
l»nre >east; if the inerease is greater it is an indication 
of (he presence of schizomycetes, and new {litching yeast 
should at once be provided. 



PART X. 

FERMENTATION IN PRACTICE. 

I.-THE VARIOUS FERMENTING PERIODS. 

T IJE i'oriiK'ntalion iiulncod in n innsli by tito yoast 
inns ils (-oiirsc in tlircc ])lias(‘s, cliai'actinizcd as: 
l‘r(>-roinu‘ntation, cliiof foinienlation, and at'tor- 
I'cnnentation. 

I .~Pre-FermentatIon. 

I’ro-i’nnnontation is the jioriod of yoast in’opap:alion; 
durinji this period sui>ai' doconiposition and carbonic acid 
devcloiancnt take place. T1 k‘ yeast in tJic inasli must 
pi'opagate vciy freely, as otherwise it eannol deeomposi' 
all tlie sugar available. ^Veeording to Ilayduek, the yeasl 
increases in the yeast mash in the ))i'oportion of 1 : d.ri, 
while in tlu' child' mash the ineiease is in the ])roportion 
of 1 ; Id. d'lie most (uieigidie yeast reprodmdion takes 
place at 77° to 80 f\, and it would appear tlud a tem¬ 

perature appro.ximating this slioidd be maintained during 
pre-fermentation. 'Phis, liowevm’, would be a mistake; 
for at such temperatures the eomlitions aie favorable to 
the develojiUKUit of fungi inimical to fermentation, and 
before the yeast could begin to devidop strongly, with 
the setting in of aidive fermentation, such growths would 
arise and, in conseipienee, woidd injure the yield of the 
fermentation. For this reason it is necessary to maintain 
a lowei- tenpierature, though temiimaturcs as low as the.y 
were formerly used foi" pitching, about 7)!!° F., are not 
aih’isable, as the yeast [iroiiagation under these conditions 
is e.xtreinely slow. Furthermore, with the concentrated 
mashes customary to-day, tlu' luinciples formerly in 
'.ogue are no longer aiiiilicable. These included: iiitching 

2im 
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;it. low toiTiperatuTG and slow pi’e-lVo’inentation, gradual 
traTisition to tlu' cliiof tVnncnIalion poiiod, and warm 
al'tor-rcrinonlation. This inclliod ol' oixnation is no longoi' 
Kgardcd with I'avor hccansc the >('ast is nnal)l(' to acconi 
plish th(> lU'cossarv work with eonccidralcd inaslios in tho 
saiiK' timi as with att(‘nual('d niashi's, and tor this icason 
hnv jiitching tcntiioratiiros arc no longer (•lios('n. 'The 
only jiossihic manner ol' complchhv hMincnting th(> sugar 
in concentrated mashes is hy shortening the ])roeesses, 
hashming the ehiel' i'eimentation, and i)iereasing the 
length of the affe"-ferme!itation. Idius, it is nee<>ssary 
to ehoos(‘ a higher temjKuatnr**, and, in praetie(', tlu' nsnal 
|iitehing temperatni’cs for eoneentraled mashes lie be¬ 
tween (id" and 7lf -F. .\t higher pitching ti'nijK-rature, 

naturally, th(‘ mash begins to heat more (|uiekly, and to 
evidence' stronger aetivit>', so that the ai>]iliealion of 
movable \’at cooling becomes necessary. In certain sjM'eial 
processes, tin* setting in ol the chief fermenting period 
is hasteiu'el; this is done hy healing the mash, pe'rmittijig 
warn, water to flow through the movahh' cooling coil of 
the rail cooling a)iparalns. The pxiec'ss de\’ised h>' Hesse 
is of this eharae'tei'. As the increase' of the' yeast is most 
('iieigelie at F., it would aiijiear advisable' tei aelel the 
ye'ast te> the' mash at this le'miie'ratnre, as uueler the eii'- 
e'umslane'e's favetrahh' le) the ve'asi el<'vele))nne‘ut, whie'h 
eee'e'ur elnring the e'eeeeling e>f the' mash, the' speire-leerming 
ae'tivity of the ye'ast e'an he'gin at an c'arly jioint in tho 
eejie'iatieui. The' feuinaliem eef ye'ast, ae-e-oieling tee llay- 
elnek’s inve'stigatiems, is impe'eleel eii' e'e)m])letely arrested 
with a 5 ])er (H'lit "onte'iit of alceehe)!. 

2.—The Chief Fermentation. 

The chief fermentation is aeeomieanied hy an encr- 
getie' eleve'leejeme'nt of earhouie ae'iel gas anel heat, auel 
e'eenstitute's the ^leiieeel elnring whie'h the nialteiso is ter- 
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luenicd, tlio content of sng-ar in the niash docicasins- 
constantly, d’liis can tx' a<'(‘uratcly ohsoivc'd b>' ni(*ans of 
tlu‘ saccliavoinctcv, (lie tcin])cratiire being' noted at the 
same tinu*. d'lie most fa\’orable degvei' of lieat for tlu? 
])roccss of cliief fermentation aiiproximates 81.5“ to Sti' 
I’\ To maintain the tem]ieiatnr(> lielow tliis limit i.s ijii- 
|io.ssil)le without a)tifi<‘ial means. As tlie incri>asc in 
lieat in 22“ to 24° concentrated maslics, ai>])ro\imat(*s as 
a minimum (i5° F., the tcmpierature during the chii'f 
fermentation period, if the pitc'hing tompmatuie wen* 
68° F., would apinoach 1(11° F., a degri'c of warmth at 
which the organisms injurious to fernumtation would 
over<‘om(» the yeast; a part of the alcohol would be con¬ 
sumed by acetic acid fernumtation and, worst of all, the 
fermentative efficacy of the yixist, which must I'cmain 
unvveakened for the ])rocess of after-fermentation, would 
bo seriously diminished. 4’herefore, under no circum¬ 
stances, must the tempm-ature be allowed to rise above 
8(i“ F. The foi'UK'r oiiinion that injni'y of tlu' I'minen- 
tativo efficacy of the* yeast did not begin below F. 
has been disjiroved by jiractical e.Kiierieuce. 4’he chief 
fennentation period lusts about twelve hours. 

3.—The After-Fermentation. 

The purjiose of after-fermentation is to fennent the 
dextrins, which through the after-action of the diastase 
are gradually conveite<i into maltose during the pre¬ 
fermentation and the chief feinientation, or even during, 
the progress of the after-fermentation itself, 'fhe jirin- 
cipal reipiirement for an active after-fermentation is, 
therefore, the preservation of the sugar-forming efficacy 
of the malt; for, otherwise, the dextrins, which are in 
themselves unfermentable, remain unaffected. After- 
fermentation lacks the violent characti'r of the chief fer¬ 
mentation, but nevertheless, it too, is uniformly accom- 



ITS MANUFACTUKK AKD USKS 


2()‘) 


pailied by an active' carbonie' acid development. According 
to Delbriick, tlic most la^’ol■al)le tcmpei'atme for after- 
termentation aieieroximates 77° to St.')" F., and these 
figures have been confirmed by jirae'fical exjeerience. Jt 
is condiictcef at a somewhat lower ft'mpeiature than chief 
fermintafion, as it has f)een sliorvn that nnder these cii'- 
cnmstances it jerogresses more strongly and evenly to the 
X'ciy end than at higher temperatnrc's, uink'r which if 
(•asil\' becomes w'eake'ncd. Under no circumstances sliould 
the fem]X'rature of the after-fermeniing period lx; ])er- 
mitted to fall ))elow 74° F. Shonhf this be the case, tin? 
cooling must <‘Ountera(‘tcd by lieating the room or by 
covering the vats. 

il—MOVABLE VAT COOLING. 

Hefore the conditions most tavoral)le to fermentation 
Avere recognized, it was believed to be siiflicient to insuie 
tlie nnifoiin maintenance of a certain u])])er tempera- 
tni'(! limit during tlx' 2 )i<)cess, and this j)ermissible high 
temperature limit Avas assumed to be !tT to i)a° F., Avhicli, 
as has Ixxm noted before, is to-day regarded as an error. 
Concentrated inaslies of 25° to 2()° Hailing, Avhi(*h in 
fermentation heated tlirougii (>iS° to 72° F., had, there¬ 
fore, to be pitched at 57° F., as a ma.ximum, and accord¬ 
ing to our ])r('sent views, the pitcliing temjx'rature should 
ready Iuia'c been as Ioav as 50° I*’. A temperature as 
loAv as tliis Avould have l)een detrimental to the y<>ast 
propagation, and, furthermore, it Avould hav'c been im- 
lAOssible to attain it by reason of the attending technical 
difficulties. Tin* choice of higher pitching tem])eratures 
necessitated artificial regulation of the fermenting tem- 
j)eratuies, for instance, that introduced in the artificial 
cooling of the Amts. At the ))resent time the o])eration is 
so conducted that the mash is pitebed at (!3° to ()S° F., 
and as soon as the ehief fennentation p^'iiod, Avith the 
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<'oiisoqiu>nt heating to 74° to 77° F., begins, care is taken 
to ])revont the heating of the niasii above <S(i° F., by 
introdiieing a cooler into the vat and ])erniittiiig cold 
water to (low through its tubes. Wlnui the chief f(>rmenta- 
tion i)eriod is comiilctcd, the current of water in the cooler 
is decreased, and the cooling is stoqjicd entirely whi'U the 
desired temperature of 77° to 81° F. for tlu> after-fei iui'ii- 
tation is reached, d’he ai>i)lianccs for vat cooling are 

similar in construction to 
the movable yeast cooku's. 
'I'Ik' various systems differ 
particularly in (he form of 
theii’ cooling ehmicnts and 
in the manner of a<4uating 
them. Most ctlicient are 
those which travel u]) and 
down in the mash with a 
stroke apiiroximating the 
height of tlu! va(, so (hat 
the cooling coil, which li;s 
in a horizontal jjlaiu', at 
th(‘ same time exerts a 
j)innping action tending to 
remove the carbonic acid 
gas. The arrangement of the tubes of a cooler of this form 
is illustrated in Fig. .b8. Coolers with centrifugal action, 
of the tyi)e illnstrated in Fig. 5!l, have also been found ef¬ 
fective in j)ractice. The ariangement and method of o]ier- 
ation of this cooling coil is as follows: Coinciding with the 
vertical center line of the vat is mounted a ))er])endicular 
tube, adapted to act as a shaft, wliich is jirovidcd at its 
upi)er end with a funnel and a driving jadley. The upper 
bearing is carried by an arm secui'od to the wall of the fer¬ 
menting room and e.xtending over the vat. About 4 inches 
above the bottom of the vat the tidx* has branches extend- 
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iug upward and from one side to tlio otlior to fonn coils. 
Tlic up])cr ends ot‘ (In! tubes constituting the coils are 
curved and discharge into a proper collecting vessel above 
lh(! vat, which is provided with an outlet tube extending 
beyond the (‘dge of the lattei'. 'fhe cooling coil is actualeil 
by nu'ans of a belt transmission. The walei’ used for cool¬ 
ing or heating is introduced into the funnel by means of 
a hose, and flows iVom the fun¬ 
nel through tlic coils and so 
into the collecting \-essel and 
through the outlet of tin* same. 

T’he cooling coil is introduced 
into tlie vat bcfoi'e the latter is 
filled, and it remains in action 
until the completion of the 
chief feinientation ]icrio<l. For 
single operation two coolers are 
necessary, while foui' ai'c le- 
(piired in double operation, 
d'he efiieicncy of this ai)i)aratus 
is high, according to investiga¬ 
tions of I’arow. Idu* d(>viee is 
lireferably driven, as in tin* ease 
of the yeast cooler, b>’ the mo¬ 
tive power of the distillery. During the operation of the 
}>lant the main engine can l)e used for this ])ur])ose, and 
after the completion of the 0 ]>eration the cooler can be 
driven by a small sjiecial steam engine operated by the 
residual steam remaining in tin* boileis after the distillery 
shuts down. 

.\notlier form of movable cooler is shown in Fig. (iO. 
This is actuated by a small steam engine, and can also be 
used for cooling the yeast mash. 

The movable vat cooh-r must not only cool the mash, 
but it must furthermore keep the same in constant motion 
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SO that the earboiiic acid retained by the mash may escape 
as rapidly as jwssible, in order to effect a savinji; in the 
s])aco ordinarily requisite above the mash. Witli the 
assistance of vigorous agitation it is ])ossible, also, to 
obtain lu'althier yeast and a greater yield. It may be 
i'.ssumed that with a vat volume of 1,(100 gallons, the spa(“e 
above the mash is reduced 2.5 to 4.5 inches by means of 
vat cooling, and as 1 inch of this sj)a('e corresponds to 
about 10 gallons of mash in a vat of the size men¬ 
tioned, it is ))ossible to in¬ 
crease the daily mashing 
capacity' by about 50 gal¬ 
lons Avhen vat (‘ooliug is 
t‘nq)loy'cd. 

I'lnergctic agitation and 
cooling result in better fer¬ 
mentation. The increase, 
according to Saaro, a))- 
luoaches 0.0” sacchai'ome- 
t(‘r on an average. Alto- 

FI.I Ceci.ru cok Fm- S<'lher, it is thuS J.OSsible 

.Mii.vinvo OK Yeast Vats. by means ot movable vat 

cooling to obtain an alcohol 
yield higher by’ about O.G to 0.7 per cent from the same 
vat capacity, and where the mashing volume is taxed, as 
in Germany’, this saving is often a considerable one in the 
course of the year. 

Should it be impossible, by reason of the failure of 
power, to operate the cooling a})])aratus during the night, 
when, under ordinary circumstances, the cooling is ])ar- 
ticularly necessary, it is advisable to employ Hesse’s 
method, wherein cooling is necessary in the distillery dur¬ 
ing the regular o])erating period only. The vats are tilled 
with mash, leaving about 2.4 to 2.2 inches of space above 
the mash, and a pitching temperature of 59° to (>2° P. is 
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chosen so as to av'oid tlie iiocessity of cooling outside of 
tlic regular peiioil of o|ieiation. As the mash heats very 
little under these eireunistanees, and the setting-in of lh(‘ 
chief fermentation would normally be delayed I'onsidm- 
ahly, warm water is inlrodue(‘<l tlirough the movable cool¬ 
ing coil, on the second day at a time when ojieration of 
the cooler is possible, until the mash is heated to HI" to 
S(i' F. This heating re(|uires one to two hours, d'he 
chiet fermentation now begins with a strong development 
'<d' h(‘al, which would oidinai ily fiir exce<‘d the ])ermissible 
limit of H()° F., and so the mash must he energetically 
cooled. Aftef' this the ojieration is concluded in the usual 
maimer. d’his method jn-oposed by Hesse has jiroven 
successful in ])ractice. 

On th(‘ whole, the advantages resulting from inovidile 
\al cooling are so great that this aiijiaratus should he 
found in every distillery working with concentrated 
n.aslu's. d'he initial expense of installation will he more 
than comiiensated for hy economy in operation. 

Ill.-^CONCENTRATRD JHASHINO AND ITS ADVANTAGES. 

In (iminany the mashing cajiacity is subject to taxa¬ 
tion, ami ther(‘ the distiller always seeks to lu'oduce from 
potatoes mashes as concentrated as possible in order to 
obtain the greatest iiossihle alcohol yield from the mash¬ 
ing capacity. Besides this, however, the entire progress 
of the fermentation is better in woi king with concentrated 
mashes than when attenuated mashes are used, for the 
losses due to by-fennentation and yeast formation are 
proiiortionately smaller. In order to jirejiare very con¬ 
centrated mashes, condensation of the steam must be 
avoided as far as ])ossible, by encasing the Henze appa¬ 
ratus, as well as all steam jiipes, with material of low 
•conductivity, by economical use of mashing water in the 
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preparatory masli vat, by blowing out slowly in order to' 
attain tbe liigbest ])ossible evai)oration during that opera¬ 
tion, by freeing tlie nuisb witli an effieient busk-renioving 
ai)f)aratus, of tbe gi-eater i)art of its ballast in order to 
render the mass fluid, and finally, by keeping tbe niasli 
in lively motion during tbe chief fermentation inuiod 
with the assistance of an effective movable vat cooler, 
i’y })aying close attention to these re(piirements, it is 
now {)ossible to olitain potato mashes registering at least 
7)', and possibly even (!“ to 7 Mailing more than the 
staicb percentage of the potatoes. According to 
Alaereker, concentrated mashes ferment with greater 
puiity than thin mashes, as the former yield as high as 
12 per cent of alcohol, and the increasing alcohol content 
]novides an excidlent ju'otection against tbe sehizomycetes 
during the fermentation. 

IV_REVIVINQ THE MASH WITH WATER. 

To ferment a concentrated mash complebhy it is neces¬ 
sary to add a certain <piantity of water for the pur[)os(* of 
diluting the alcohol lue.sent toward the end of the fcriLien- 
tation. This is known as freshening or reviving, and if. 
is unnecessary in attfumated mashes, but is extrcuuely 
inseful with thick mashes, as the alcohol (‘ontent becomes so 
great in tho latter that it finally causes the wc'akening of 
the fermentative action. The water should be added as 
soon as the condition of the mash toward the end of tho 
chief fermentation iKiriod ])ermits. 4'he introduction of the 
water is furthermore convenient because by means of it 
the temjierature of the mash can be suitably regulated for 
the after-fermentation. The <piantity of water depends 
upon the vat space available above the mash. In tier- 
many, in accordance with the jirescrijitions of tho Tax 
Mureau, at least l.G inches of sjiacc above the mash must 
remain after tbe water is added. 
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V.—THE VALUE OF LONGER FERHENTATION PERIODS FOR 
CONCENTRATED HASHES. 

In the foi'incnliiif? ])ei'iod of seventy-two hours usually 
employed in the old methods of masliinsi; with attenuated 
mashes, it was not difiicult to ferment the mash to the 
final natural limit, 'ro-day, howevei’, the usi- of t'xtremely 
eoneentrated mashes has beeome general, and it is 
often almost impossihU* for tlu' yeast to aet upon all the 
sugar present in the mash so that eom]ilet(‘ deeomposition 
is effected in the sanu' |)eT’iod. For thes(‘ ix'asons, the 
government, in (Jermany, ])ennits a prolongation of the 
fermenting period hy twenty-four hours, making the total 
available tinu' ninety-six hours. And, as a malt('r of 
fact, this legulation is thorouglily justified in working 
with (‘oneentrating mashes. It is said to he ]iossible t(> 
shorten the fermenting period })y jtroviding tlie yeast 
with suttieient (juantities of nitrogenous nutritive sub¬ 
stances. Aeeording to Kusserow, tliis ean be successfully 
accomplished by the addition of malt germs, whicli con¬ 
tain a large i)ercentage of as])aragin. 

VI. FOAMING FERMENTATION. 

Foaming fermentation is the most unwelcome of all the 
forms of fermentation distinguish(‘d by tlu? distiller. In 
this form of feriiKuitatiou, the pitched mash (h'velops such 
gr(‘at (piantities of foam and froth, from the time of the 
beginning of tlu* chief fermenting ]K>riod till tlu' decreas¬ 
ing feinientation s(ds in, that a large |)art of th(> mash 
wells up and Hows ov<‘r the l im of the vat and is lost for 
the i»nrposes of spirit manufacture. For a long time 
o])inions ix'garding tiu' causes of this phenomenon were at 
variance. Keeent investigations resulting from a prize 
contest instituted by the Association of Spirit Manufac¬ 
turers of (Jermany, have shown that foaming fermentation 
is a thoroughly' good, e.vtrtnnely j)ow(nful form of fer- 
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mentation, accompanied by the most active development 
of the yeast and its fermentative effi(‘acy, which merely 
possesses the unj)leasaut ])vo])ertj' of excessive frothing 
due to the active ])roi)agation of the yeast, and that the 
ability to induce foaming fermentation is evidence of the 
suiK’iabundant ]K)wer of the yeast. Only ))articularly 
effective yeast rac<-s are capable of exciting foaming fer¬ 
mentation. d'his form of lermentation, of course, can also 
result from conditions of cxce[)tionally effective nutrition 
of the yeast. In con.se(|uence, it will not cause surprise 
that the excellent distilling Yeast Race'll in many cases 
tends sti'ongly to induce foaming fermentation. It was 
for this reason that at first the Race 11 was not rapidly 
introduced, notwithstanding its otherwise excellent char¬ 
acteristics. jMeanwhilc, we have become familiar with the 
nature of foaming fermentation, and in conse(iuence, the 
following rules, as observed and laid down by Hesse, 
should be em])loyed in counteracting its appearance: 

1. Highly concenli'ated mashes, strongly soured, should 
bo employed. 

2. Thorough fermentation of the yeast to 4° to (!“ by 
saceharometcr, with a high final temperature of Sb'’ F., in 
order to be able to inti'oduco the strongest possible yeast 
into the mash, is advisable. 

3. Only two-thirds to three-fourths of the usual per¬ 
missible (luantity of yeast should be used. 

4. Pitching the yeast with sweet mash should be 
avoided. (These are all regulations whereby the yeast 
can be converted from the luxui iant condition, tending to 
pyo))agato too freely, into a robust and healthy state.) 

5. Long malt should be used. 

(). Of this about 45.5 pounds only for each 1,000 gallons 
of mashing capacity should be used, and of this quantity 
about one-lialf or at most two-thirds should be safeharified 
in the preparatory mash vat, the remainder l)eing intro- 
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duccd after tlie coini)letioii of tl\e saei^liarification in the 
idre-inasliiiig vat, during the cooling and after the addi¬ 
tion of the yeast at about 77° F. Furtliennoi’e, Hesse 
ohserv'ed tliat foaming fermentation oeeurred during tlio 
chief feiinenting ])eriod only. 1’hat is, at a time wIkmi an 
extraorilinarily etfeetive yeast was iirovided witli luae- 
tically unlimited (luantities of sugar, if tiu* saccharification 
with the entire ([uantity of the, malt had progressed nor¬ 
mally. If the yeast 1 h‘ su])i)lied with less sugar, it does 
not iiuhice such violent fimnentation, and, consetpiently, 
forms little froth. It is for this reason that the malt is 
added in stage's—fiist, that too mu(‘h sugai’ may not he 
formed during the mashing, and sc'condly, that it may he 
gradually formed during the course of the fermentation 
in order to avoid foaming hy luoviding insullicient (pian- 
tilies of sugar. 

7. Tlio mash must not lie allowed to stand for too long 
a time! for saccharization; after the hlowing out the stil¬ 
ling ajiparatus is allowed to continue in o))eration for 
about len minutes and cooling is theieupon at once begun. 

Jf, in s])ite of these precautions, foaming fermentation 
nevertheless a])))oars, it is customary to combat it liy the 
iKsi' of jietroleum, oil, or molten lard, which should be 
added to the mash as early as jiossible. As a rule, one- 
half to one-third of a ((uart of jietroleum or fat for each 
vat is sufficient for the jiurjiose, but the heaviest form of 
foaming fermentation cannot bo overcome in this manner, 
nor is it jiossibh* to remove the cause tlu-reby. For the 
rest, strong and long-continued steaming at high jiressure, 
the maintenanci' of high mashing temjieratures, the re- 
jilacing of barley malt by ryi* or oat malt, as wi'll as other 
jirecautions during the coursi' of the ojierations, are often 
effective in overcoming this unjilcasant form of fermen¬ 
tation. It is more certain, liowever, to follow the legula- 
tions given above as closely as jiossible, or to emjiloy the 
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^ cast lia(‘o Xrr, whioli, in si)ilc of stron;' fonnentative 
efficacy, never induces foaming fennentation. 

VII—THE FERHENTINQ ROOH AND FERriKNTINti VATS. 

d’lie fermenting I’oom should always, as far as iiossiblc^ 
])ossess a uniform tern)leraturc*^ not too low in winter 
and not too higli in summer, h'or this reason the fer¬ 
menting I'oom was often, in former tinu-s, hx'ated in th(' 
cellar, fn the niod('rn method of construction, however, 
t]i(‘ cellai' s])ac(' is usually reseiAcd for llu' malting floor, 
ami the termenting loom is conseiimnitly located on th(‘ 
ground floor. 'I’o insnic' tin' maintenance ol‘ ]iro|>er tem- 
[X'l'afures th(> walls must Ix' of at least two thicknessi’s 
ot stoiH', and pioti'ction against tcmperatun' changes 
should he provided hy limiting, as far as ]x).ssihle, the 
numher ol windows and doors. .\t times, heating appa¬ 
ratus, such as stov(‘s or sti'am pipi's, will lie tdiind 
neccssaiN’. However, this i'e(|uir(>men( is no longer so 
pressing, as it is tai' easi<>r to-day to regulate the tem- 
(leraturi* hy the introduction of vat cooling. If the fer¬ 
menting loom is cold, it is advisahle to cover up th(> vats 
in any suitahle manner after the comjiletion of the chief 
fermentation period. Moreover, the water addcxi after tlu' 
<‘omplction ot the chiet termentation also ser\'es to regu¬ 
late the temperature of the mash. Xeedless to say, llu' 
fermenting room should he kcjit ahsolutely clean, and to 
assist in maintaining this condition it should of course 
he ]irovided with a ])roper water suiiply. When necessary, 
a ])owerlul disinfi'ctant, such as (liioric acid or chloride 
ot Jiiiie, sliould he added to tli<> cleansing water. 

The fermenting room must, furthermore, Ix' furnished 
wdth an unolisfructed water outlet; it must he light so 
that it can he jiroperly examined at all tim(>s to see 
whether every jiart of it is clean, and it should he of such 
lieight that the escajiing carhonic acid from the fennent- 
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iiig vats cannot cause the fermenting mash to s])urt to 
the ceiling. It must bo so designed that movable vat 
cooling can lie introduced witliout difficulty. iV height of 
at least 22 feet hetwei'ii floor and c(‘iling is to he rccom- 
memh'd. 

It must h{' thoroughly ventilated in order to ]uevent the 
accumulation of too inncli carbonic acitl in the air, lint the 
ventilation must, uuder no circumstances, he allowed to 
cause drafts or iri’egulaiities in the temiierature. for 
drawing off tlu' caihonic acid se\’eral openings must h(‘ 
provi(h‘d in tiu' walls close to the floor; these openings 
lead to the outer aii' and can lie closed by means of shut¬ 
ters to permit tlnur ri'gidation in an>' desireil manner. 
'rh(' floor and walls of the fmnienting room must he so 
constriictccl that, lik(“ those of the malting house, they can 
easily In' washed or scruhlK'd. II is adx’isahle to jirovide 
the walls to a height iK'Voud the reach of tlu' mash with 
a coating of asphalt tar, which should he aiiplicd hot sev 
oral times to the thoroughly dry plasti'r or cement of tin* 
walls. Foi' this purpose 2>.j jiarls of asphalt to 2 ])arts 
of coal lai' can he used. Concrete' is he'st adai)ti'd for tin' 
foundation of tlu' lernu'nting I'oom as it can ('asily he 
('leaned. Asphalt is not as good as concrete for this 
]nir]K)S(', as de|)ressions ar*' ('asily foriiK'd in it, in which 
th(' mash colh'ets fr('('h'. 

I'’erm('nting vats are' almost univcisally of wood, though 
for larger ]ilants, in which vats of extreuK' dimensions 
ai(‘ iK'ccssary, the' latter are' some'fimes of iron. Oe'ca- 
slonally vats of conii'nt or sandstone' plates are' to he 
found, hut lh('S(' are' hai'diy advisable', as the'y aie’ at- 
tacke'd too easily by tlu' soui' mash. I'\'rnK'nting' vats of 
glass have hee'ii siu‘ce'ssfull.\' exporimente'd with, and have 
he't'n found to jeossess valuable characteristics. Howtwe'r, 
it is extremely difficult to construct such large vessels of 
glass, and theii’ conseeiiu'iit (‘ostliness has thus proved a 
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st'iioiis hindrance lo theii' general introduction, d'he 
wooden valH should he provided vvitli a l're(iuently r(!- 
jaated coating of oil paint, or as oil ]>aint cannot stand 
scnihhing with lime, preferably with a durable varnish 
made from 4 ])ounds of colophony, [-j i)oiuul of shellac 
and 2 iioiinds of tur])entine, dissolved in 1.8 gidlons of 
itO ];er cent spiiit. 'I’he strength of tin; s|iirit should not 
be l(‘ss than this, under any circ\imstances. 

The vat is given one <-oating of this \arnish and the 
varnish is then ignited. The coating burns into the vat 
and becomes very durable. 'I'lie operation should be re¬ 
peated a number of times before the vat is used. For 
pur|>oses of cleansing, the vat should be coated rt'gularly, 
after being oni|)tied, with lime as freshly slaked as it can 
be obtained, and bed'ore the vat is used this coating of 
lime should be scrubbed out with water. Unused vats 
should be allowed to stand with the coating of lime and 
tilled with water. Under ordinary circumstances the us(' 
of the lime is ((uite sufficient. If interiuptions or retarda¬ 
tions in the fernamtation occur, tla^ strongest methods 
must be at once ai)plied, in order to destroy the inimical 
organisms, and among the best means for this ))uri)ose is 
sour sulphate of time. 

In distilleries working with conccntratc'd mashes, vats 
of round or oval form are geiuu'ally used, whih' iit 
yeast distillei’ics scjuare vats are not infrccpiently en¬ 
countered. Tin* latter rrMpiiie tittle roonr and j'cndei- the 
removal of the yeast less difficult. The hciglit of tin* vat 
deirends upon the total content as well as upon the con- 
sideratioir of saving in S[)a<'e alrove the mash, 'flu' spaerr 
above the mash is dcci'eased if the vat is liigh. In general, 
the height of the vat should not be less than ff!) or 40 
inches. Vats liaving a volume of T.'rO gallons are 
usually 4 to 4 2/ff feet in height. The walls of the vat 
are usually 2 to 2.8 inches in thickness. 
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Vlll.-WATER CONSUnPTION IN THE DISTILLERY. 

I’lio water eoiisuinjition of the distillery dei)ends fliiotly 
upon the teiuperature of the availahle water, as llie 
gieatci (piantity of the water necessary is used for cooling 
puri)oses. With a water teiuperature of oO' F., it is )ios- 
sihle to operate with hut d to 4- gallons of water for each 
gallon of mash, while if the teinperatuie is higher, the 
(piantity of water re(piisite may he douhh' this and even 
morr'. According to (Joslich, the distillery well should he 
able to supply the following cpiantities of water, and the 
luimp should harx' the cori'esponding capacity jier hour, 
giv'en below: 


Conloiit 

WATFR 

CONSUMPTION OK TFIK OI.STILLKHY. 

l)aily of tiK* Wfll. 

1 




'Othu , SiiikIo. 

I’Criucutma' 

TwoftiUl. 

Thruofold. 

Foiii-fold. 

> in.'s. 

; 

OpehJil ion. 


Giiilom 

I ('ubic 

(’nine (i‘r( 

j < 'uliic Rm-I. 

('Ubu- fuL-t 

2()0 

;}.5:j.o 

529.5 

TOli (» 

.8,82 5 

:{T5 

.529.5 

770.5 

1 lO.VI.O 

1271 .0 

.500 

(kC) 4 

988.4 

1 riTi (1 

1588.5 

()2.5 

770.5 

1200.0 

j iri.->:!.() 

1705.0 

7.50 

918 0 

1412 0 

! irciA (1 

2294.5 

H7r> 

10.59 0 

1588.5 

i -UlS.d 

2047.5 

1,000 

1225.5 

1705.0 

•.‘471 .(1 

2000.0 

1,2.50 

1.588 5 

2400 0 

.•(177 (1 

2.SS2 0 

IX ~ 

THE INVESTIQATION 

OF THE FERMENTED 


rapm it.\ ol‘ 

tlu* Pinups 
pur Hour. 


10 ( 5.0 
159.0 
2\'>A) 
•J(.i.5.0 
:Ms.() 
:). 53.0 
424.0 
. 5:10 0 


I_The Determination of the Degree of Fermentation. 

One of the most imjiortant investigations for judging 
the excellence of the operations, is the determination of 
the degree of fenneutation of the mash, when the latter 
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is ready for distillation. For this purpose an average 
sample is taken from the vat afh'r the contents have been 
thoroughly .stirie<l, and the sample is filtered to complete 
clarity by means of the filtering a|)])aratus. The mash 
should he )>rotected against evaporation during the filtra¬ 
tion jiroccss by ]iropei- encasing of the api)aratus. The 
(letci'mination is carried out with the siinu' saccha- 
rometer which is (‘inployed for the iina'stigation of tln^ 
sweet mash; hut the resiills of the saccliarometry with the 
sour mash are not iikmcIv com]iared with thos(; of tlic 
sweet mash in order to ascertain the difference in the 
pei'centages, which rei>rescnts the pi'oportion of fermented 
sugar. On the oik' hand th(‘ saccharometer indicates )iot 
only the sugar jiercentage, hut it shows as well, all the 
constituents of the raw substances which have been dis¬ 
solved. 'That is, it ir-prcscmts the total extract; further- 
moie, there is also prexsemt in the fernamted mash a 
suhstance of low specific gra\'ity which male's the results 
of the sacchai'ometry of the fermented mash appear too 
small. 'I'liis suh.stauc(‘ is the alcohol which has been ])ro- 
duced dining fermentation. If the alcohol is not con¬ 
sidered and, as is usual in practice, the saccharometer 
leading is taken direct from the fernK'uted mash, the 
a]i])arent fermentation only is detcrmineil, in contrast to 
the actual fermentation, which is found from the in\es- 
tigation of till" filtrate whic'li is depiivcd of its spirit 
content, and is tlien again brought to its original volume. 

By taking into account the alcohol produced in the mash, 
it is possible to ascertain by calculation the number of 
saccharometer degrees by which the specific gravity of 
the filtrate has hcen altered through the infiui'iice of the 
alcohol. The following .sacchaiometer di'giees should be 
adeled to the saccharometer ri'ading of the fennented mash 
at 17.5° (\ or (>.‘>.5° F., in order to obtain the actual 
degree of fennentation; 
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Alcohol i’otiteut in 
Per Cent l»y Volume. 
7 
s 
U 
10 
n 

i:^ 

U 


Sacchiir<nnoter 
1 )eii reo‘«. 
2.45 

o ~ 

.S’05 
5 ‘>5 

4 05 

5 1M> 

4 20 
1. IX 


'riiis table shows how larjjely tlie saeehai oineter I'eadiiif? 
is iiithuaiced hy tlie alcohol content of the mash, l^'oj' 
e\ani]il(‘, a thick mash of ■J4‘' is I'ei'meiiled to by 

saecharometer. W'bat is the acdual (iiiantity of fermented 
substance 1' d'lie appai'cnt rt'sidf of 1'^/ saccbarometei' 
sbould b(‘ increast'd by .’i.ti.') with tbe* ll' per cent by 
cohime alcohol content of the mash, which is to be (!x- 
pected under tlu'se circumstances, so that the actual fer¬ 
mentation of the mash has progressed to b.-to b>' sacclia- 
rometer, and hence 124 - 5.4;')' JS.55 by saecharometer 

ha\'(“ been fermented. 

k’otli lias ])repare<i a table which sliows the alcoliol con¬ 
tent t.- be (>-\]>ected with various aiiiiarmit degrees of 
f(‘rm(mtation (that is, th(' result of the saecharometer 
in\'estigation with the fei iiKuited masli) of sweet mashes 
witli definite saecharometer readings. 

k'lom this table we see* that tlie geneially acce[)ted view 
that maslu's of ihi" by sacchaiouH'ter lu'cil only be fer- 
numted to d to 4 Viy sacchaionuder in order to give the 
same yield as mashes of 120“ by sacchaiometer, fcinumted 
to 1 to 1.54 is wrong. 'I'he excess alcohol jiroduced from 
mashes rich in sugar naturally d(‘crcases tin* sacchai’ometer 
residing of the fermented mash proportionately more, so 
that according to Foth’s table, if l20 per cent mashes show 
a fermentation of 1.;’“, 25 per cent mashes with eiiual 
yield must show a saecharometer reading less hy 0.45° 
only. 

'fbe opinion is still held verx" widely that it is unrea- 
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TABLE FOR DETERMINING THE AEPARENT DEGREE OF FERMENTATION AND 
THE ALCOHOLIC ( ONTKNT OF MASHES, OF WHICH 78 PER I ENT OF 
THE EXTRACT IS FERMENTED SO THAT I POFND OP FER¬ 
MENTED EXTRACT A'lELDS O.OISH GALLON OF ALCOHOL 


Suet'huronutftT 

Ai»i»tU’ont Dearcool 
Fernudiliif n)ii ( - baceliaro 

.VIcohol Ooiiient ef t iie 
Fennonteti Mash. 
Per Cent. 

of tlic Svvfot AJtisli 

iiMMfi' lltMKlititr ot the 
lA rmen e*l Mush). 

in 

0 

; 4.-) 

H> 

0,5)2n 

7 OS 

i; 

1 .027) 

S .-)l 

IIS 

1 . ! 27) 

0 07) 

15) 

I .227) 

0.7)0 

-.>11 

1 .200 

10 12 

-..n 

1.277) 

10.00 

•>•> 

1 .47)0 

11.24 


1 7).-)0 

11 so 

24 

1 .07)0 

12.27 

2.1 

1 77)0 

12.04 

20 

1 sno 

12.7)2 

27 

! 0.‘)0 

!4.(K) 

28 

2 077) 

14 08 

25> 

2 177) 

17) 20 

:',0 

2 200 

17). K(> 





sonable to work coiKcnticitiMi maslits Iicchusc tlicx ilo 
not feniK'iit suniciciitly; tiiis view must he coiisuiered 
erroneous. IIif>h j)er<‘entuj’'e mushes eun hi' t'ermeiited 
just as Jar as those of Jow percentage. If the higlily eon- 
eentrated mash is ])rodueed from potatoes rich in starch, 
so that tlie extract contains a large content of fermimtablo 
sugar and a small percentage of other constituents, the 
higli percentage mash, in which the jnoportion of alcohol 
proiluced is darge, may sliow a far better fermentation 
than a low ])orcentage mash, which is poor in sugar and 
in whicli the ([uantity of alcohol present is .small. The’-' 
ai'tual fermentation, tlierefore, is not always jioori'r in the 
mashes of the latter kind, '^flius, for instance, a mash 
containing <) jior cent of alcohol by volume, and having an 
apparent fermentation of 2.4°, possesses the same actual 
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fermentation of 5.45° as a ntasli eoutaiiiing l.‘i per cent 
ol' alcoliol, and iiaviTig- an a[)parent fermentation of 
this fact should not he uefi;lect('d in ,judf'ins>' tin* ('.\cell(‘n<'(? 
of the operations in (piestion. In tliis regaid, conclusions 
should never be drawn from the results of the saccha- 
rometric investi^^ation without due consideration to the 
< ircumstauces under which the in\'estij>ations were made. 


2.—The Determination of the Acidity. 


'file determination of the acidity is cmriod out with 20 
cubic centimeters of the clear li(iuid from the fciinented 
mash, by m<‘ans of the known titration ;ippai'atus, illus¬ 
trated on page lO.'!. But the determination of the acidity 
<d' the feiineided mash is not con<‘lusiv(‘; it determines tin* 
increas(‘ oidy in acidity, which has occurred dui'ing f(*r- 
menlation. W’e have seen above that the swetd mash itself 
is sour, and that the dej'i'ee of the acidity viiries between 
compai.itivcly wi(h‘ limits. With regard to the character 
of the optnations, the investigation thus shows the in- 
crease in acidity alone, that is, the difference between the 
<|Uantity of acid in the fermented mash and that of the 
sweed mash, ddie smaller the inci'case is, the purer has 
been tin* fermentation, and tin' bedter, iii general, has been 
the woi k of th(> distilh‘r; the greater the original (piantity 
<if acid in tlu' >'(>ast, and tlu' strongiu’ the a<dion of the 
lactic acid feiiiumt of the yeast, the smaller will be tlio 
increase in acid of the mash, for gii'atei’ (]uantities of 
a('id su]»press the acid-foiining fungi. An increase in 
acidity of 0.1 to 0.2 cubic centimeter may be regarded 
as excellent, 0.2 to 0.,‘? cubic centimeter as satisfactory, 
while more than 0..'? must be characterized as i)oor. Tn 
the last case it is iibsolutely lU'cessary to ))rocure new 
laidic acid cultures, and to watch the 0 })erations in the 
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jiroparation of tho yoast and in mashing with the greatest 
earo. 

3.—The Oeterminatlon of the Alcohol Content of the Fermented 

Mash. 

1’he detennination of tlie aleoliol content constitutes the 
most reliable exi)ression of the success of the entire dis- 
lilling process. It is for this reason that the ah'ohol 
determination should always he made, in every pi'oi)eily 
conducted <listill(‘ry. For (he purjioses of the investiga¬ 
tion 100 culiic centimeters of the fermented mash filtrate 
ar<‘ placed in a liter tlask and diluted with the same (luan- 
tity ol' water; the mixture is boiled until all the alcohol 
has distilled over. It is certain that this has b(‘eri accom- 
j)llshe<l when the distillate has been brought to the original 
volume of 100 cubi(‘ cenlimeters. 'I'he li([uid which has 
b(‘en made u|i exactly to the 100 cubi(! <-entimeter mark 
of (he flask, is shaken, ami is then |)laced in a dry glass 
cylinder, is cooled to the normal tem[)erature of ('. 

or 00° h’., and is tested for its alcohol content by nu'ans 
of a hydrometer, known specilically as a low wine testing 
device. Tho glass tactory of the Association of .Spirit 
Manulaetureis of (Jermany ]U'ovid(‘s espec'iallv delicab' 
hydrometers for this purpose. 'I'hey are graduated to 
1/5 of a per cent to insuic a<'curate readings. The com- 
]>lete testing apparatus, which can be procured from the 
same institution, is illustrated in Fig. 01. 

This can also be u.s(>d for the examination of the wash 
with regard to its alcohol conti'iit. j\s in the wash it is 
usually a <|uestion of a few tenths of a ])er cent of 
alcohol, 500 cubic centimeters of the tillered wash aii: 
e.xantined. d'he distillation is carried out as in the (ex¬ 
amination ot the mash, and the test sain]>le is boiled until 
the j)repared 100 cubic (•eiitimeter flask is tilled exactly to 
the mark. As (he (piantity of alcohol contained in the 
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5 (^ cubic centimeters of wasli has thus been reduced to 
Vo, the reading ol tlie hydrometer must be divided by 5 
In practice tlie distillation metliod is tlie only really useful 
determination, altliougli tberc are oilier reliable iiietliods 
of examination for laboratory determination. 



X.—THE ALCOHOL YIELD OBTAINED IN PRACTICE. 

During the oiierations of spirit manufacture certain 
losses take jilace. d'liese are as follows: 

1. Certain (piantities of starch remain undisintegrated; 
it is true that with the steaming apparatus in use to-day 
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this loss is a small one, but, nevertheless, it must be 
eonsidered to aggregate 1 to 2 ])er cent of the mashed 
stareli. 

2. Certain (juantities of the fermentable substances dis¬ 
solved by the malt, remain unfermcnted. These (|ium- 
tities in the best methods of o()eration, constitute 4 per 
cent of the fermentable substances, with average opera¬ 
tion 7 per cent, and with unsatisfactory operation 12 per 
cent. 

3. All the sugar which is fermented is not split up into 
alcohol and carbonic acid; certain unavoidable by- 
])roduct.s of the fermentation jdso arise. About 5 ()er cent 
of the sugar is, on an avoragi*, conv’crted into succinic acid, 
glycerine, and other metabolic jnoducts, and is used for 
the nourishing of the yeast. From 7 to 12 iier cent is 
lost through imjiure fermentation. 

4. During the course of the feiinentation certain quan¬ 
tities of the alcohol are evaiiorated. 

5. Certain ((uantities of the caibohydrates are consumed 
through by-fermentation. 

(5. A certain jiai't of the alcohol is transformed into 
acetic acid and aldehyde. Accordingly, it can b(! assumed 
that from 100 jiarts of mashed starch 10 to 10 ])ei- cent is 
lost (‘ven with the best methods of operation, 10 ])ei' cent 
with average methods, and 27.8 per cent with unsatisfac'- 
tory operation. 

As a rule, it may be assumed that of the total (piantity 
of carbohydrates ])resent in the mashing raw material, 88 
per cent is converted into ah'ohol with the best methods 
of operation, 80 per cent with average operation; and 72..b 
.])cr cent with unsatisfactoi'y methods. In accoidaiK'e with 
these figures, the alcohol obtainable from 1 ])ouud of 
starch in very rare cases is .OtiO to .071 gallon, with e.v- 
cellent operation .068 to .069, with average operation .Otib 
to .066, and with unsatisfactory operation .059 to .060. 
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Thei-efore, it is not asking too much to rG(iuire that an 
expert distiller should produce at least .0()5 gallon oi' 
alcohol for each pound of starch in the mashing raw ma¬ 
terials (i)otatoes and malt). If tlfe distillery is jirovided 
with the best apparatus, and if the distiller uTiderstands 
his business, he will be able to obtaiii .068 gallon and even 
more from each pound of starch. However, as has been 
mentioned before, this yield can onlj' be expected under 
favorable conditions. 

XI.—THE AHYLO PROCESS. 

For some time past mixtures of fungi have been used 
in Japan and ('hina foj' the ))roduction of beer and vinous 
drinks. Of these fungi certain schizoniycetes 2 )os.sess 
the characteristic, in developing, of forming enzymes 
whicli convert gelatinized or li<iuefied starch into sugar, 
similarly as in the diastatic action of the malt. Certain 
of these fungi under definite cultuiu conditions are fur¬ 
ther ca))ab]e of s})litting u]) sugar into alcohol and car¬ 
bonic acid. Calmette isolated from the mixture of fungi 
a series jtossessing this ("tlicacy, and he characterized tkein 
as Aiiiiiliniiiicc.s liou.rii. d’he Japanese chemist Takamine 
was among the first to investigate* these fungi and to 
effect the technical introduction of the fungus process; 
the methods devised by him an* coveriMl by numbers of 
])at<'nts in various countries. Ifeccntly, these methods of 
using n\old fungi, based upon the investigations of 
Calmette and Boidin, have been introduced on a large 
scale in practical distilleries. 'Phe oi)erations here too 
are cariied out ui)on the princijiles of the absolute inire 
culture, so that Jhoroughly sterile mashes arc saccharified 
wdth absolutely jmre cultures of the Ainylomijccs and are 
finally fermenfed with yeast, llj) to the ])resent time, the 
methods have been limited to the working of corn mashes. 

'Pile operation, which is carried out with the observance 
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of the strictest rules of sterilization of all the apjjai'atus 
in ((uestion, is suhstanfially as follows: 'flie corn is 
steamed in the Henze apiairatiis in the usual manner, is 
hlovvn out into the inashiiifA' v'at, and then, witJi the use of 
onl>’ I to '2 |ier e(>nt of hai'ley in the form of malt, is 
mashed in tlie ordinaiy maniu'r. ’^I'Ik' malt is used for 
the |)uri.os(‘ merely of li<iuefying' th<.‘ starch and render- 
inf>: th(‘ mash fluid and eapahle of liein,a' ])umped. It is 
not a ((uestion of complete s;icchaiiticalion, thouf>h this 
would, of eouise, he us<>ful. After the completion of the 
mashing', the entire mass in the vat is lu'ated to the 
hoiling point, aftei' a small (piantity of sulphuric acid has 
been .-nlded, and in this condition the mash is ])umped into 
the fermenting vat, and either in this vessel, or in a 
horizontal steamer, it is sterilized at a pressure of 1'^ 
atmospheres. Idie (piantity of the added sulphuric acid 
depends u]ion tiu' amount of carbonati* of lime in the 
mashing water, 'fhe fermenting \af is a cylindrical iron 
vess(‘l, which can be tightly closed, and for this ]>urpose 
is piovided with the most (‘fticient apjiliances in order to 
hinder the entrance into the mash of fungi inimii'al to 
fermimtation. First, tin* mash is maintained at the boiling 
point for a. considerable lime in this vat, in order to 
sterilize it comi»lelely, and tlien the cooling is begun by 
e.xternal sluicing (d' the iron vessel, the strong stirring 
apparatus within the vat being kept in constant operation, 
while a current of cold, purified air, absolutely free from 
fungi, is blown through the vat. When a temperature of 
101° F. is reached, fhe mash is infectc'd with the fungus. 
Tile inire cultivation of the latter is carried out with 
cooked rice, wliich covers the bottom of a flask of about 
1 puart caiiacity. 1'he lice, together with the fungi, is 
Avashed into the fermenting vat with the necessary pre- 
eautions usual in bacteriological work. The small (piau- 
tity of 1 gallon is sufficient for 100,000 gallons of the 
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inasli. Tli(‘ Stirling appaiatus is koi>t in operation and 
sterilized air is eontinnonsly blown into tin* vat; die 
I'nngns begins to t'onn long tbreads and in twiaity-lbiir 
boars eoinpltdely jiei vadi's the inasli. d’be iodine reaelioii 
be(‘onies weaker from lionr to lioiir; the fniigns is now in 
full sngar-J'orniing activity. Snbseipiently, the lungus 
llireails separate into individnal liarrel-shaped branches, 

and alcoholic fermentation sets in, ..mpanied by the 

development of earbonie acid. 'I'lie fermentation how(‘Vei’ 
is slow, am! the rimgns is, tlu'reforc, so litth' suited for 
th(“ working of eoneenti at<>d mashi's that its fermentation- 
(‘\eiting power mast hi' iiiereased by the addition oi' 
]inre eultiire yeast. Ihd'ore iiitehing with yeast tlu' mash 
is eool(‘d to Sti’ h\, and when this point is r(‘aeh<‘d it is 
infected from a Pasteur llask with about one half gallon 
of liquid y(*ast containing barely 0.2 ounce of solid yi'asl, 
for till' tremendous mass ol’ 10(1,000 gallons <d' mashed 
material. 'Phis slight (piantity is suflieient to pcu'iiieate the 
<-ntire mass with yeast within twenty four hours, and with 
continued introdnetion of air, to induce vigorous fernuui- 
tation. For this juirposi' thc' ^'east Paces If and XII 
hav<‘ pro\’en most effective. 'I'he mold fungus does not 
injure the yeast, though jirobably the latter is inimical 
to the former, so that the growth of the mold fungus 
sliould be nearly eomiileted befoi'e thi' yi'ast is addeil. 
Se\('rai hours after the yeast is introduced, the air is shut 
off, the stirring apjiaratus is continued in opei'ation, and 
the simultaneous action of the two fungi b(“gins. This 
leads to till' eomi»letion of llu' fermeidalion in a fur- 
th(*r iHU'iod of seventy-two hours, the feiiuentation 
being carried to 0, or even less, d'he total time of the 
operation in the fernuuiting vat eom|)rises five times 
twenty-four hours; thus, if the day for tlu' inashing and 
(‘m|)tying is included, the fermentation ])eriod lasts six 
days. The sjiirit produced is distilled with the usual 
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apiiaratus, and it is said to jiossess a liigli degree of 
liurity. With eareful and eoriseioiitious operation this 
process yields 0.078 gallon of alcohol for each ])Ound of 
starch; or, for each ]iound of corn containing 00 per cent 
of starch, tlie yield is 0.047 gallon of alcohol, whereas with 
the old methods it was ])ossihlo to obtain hut 0.040 gallon 
under the most favorable circumstances. 'I’he feasibility 
of this process and its advantagi's for very large i)lants 
must be regarded as ])roven; it is still an open (piestion, 
however, whether its introduction for oiicration on a 
smaller scale is ]iracticablc. The installation requires 
great outlay, the operation is expensive, the coal consumj)- 
tion is high, intprrui)tion.s -easier to avoid in working on a 
large than on a smalt scale—cannot apparently be avoided, 
and finally, the value of the resulting wash is less. The 
process has so far been proven of value for the working 
of corn only. 

To tost its utility for the woiking of ))otatoes, thorough 
investigations were carried out, at the instance of 
Delbruck, by the fnstitute for Fennentation Industries, of 
(Germany, and from these it would appear that the ajiiili- 
<-ation of the amylo ))rocess to potato distillation is, at the 
present time, aiiparently unpromising. 



PART XI. 

DISTILLATION AND RECTIFICATION. 

I—GENERAL INFORHATION. 

T HK fermciitod mash contains the alcoho] acoom- 
panifd by watar, unfeniK'itted sugar, liusks, salt, 
yoast, and volatile and non-volatile by-[)roducts 
of feiinontation. 'I’be separation of the alooliol from 
the water of the fermented masb by means of distilla¬ 
tion, and the eondensation of the distillate, are possible 
beeanso fbe former ])ossesscs a lowei’ boiling point than 
water; tlie latter, as is known, boils at F., while 

tb(^ boiling i)oint of absolute aleobol is approximately 
17;r F. If a masb, wbieb under modern eireumstanees 
eontains from 10 to 12 jier eent of aleobol, is brought to 
ttie boiling point, the volatilization of the aleobol is not 
sueli that the total alcohol distills over as absolute aleobol, 
that is, in a dehydrated condition, at 173° F., while the 
water remains unevai)oratod until 212° F. is reached; but 
each mixture of aleobol and water possesses a certain 
definite boiling i)oint, also called the distillation point, 
wdiieb varies with the aleobol content, tlu' lower the al¬ 
cohol percentage, the higher being the boiling ]>oint. 

ddie following table, compiled by (Iroening and amj)!!- 
fied by Doeuitz gives the boiling jioints of aleobolie li(|uids 
of various strengths, as well as the aleobol content of the 
vapor resulting from their ebullition. 

■According to the investigations of Sorel, the figures 
given in (Iroening’s table vary somewhat from the resrdts 
in ])raetieal experience, in wdiieb the construction and 
capacity of distilling ai)])aratus are taken into considera¬ 
tion. Sorel’s table, given herewith, w’as eomiiiled in ac- 
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BY E. BOKNITZ. 


Boilingr Tempera¬ 
ture in degrees F, 

Content of Alcohol. 

Of the Fluid. 

Of tlic Vapor. 

Percent, by 
Volume. 

S . 

O 0 

Olf" 

a>.2 
o o 

P-i 

Per cent, by 
Weight. 

1S2.0 

40.0 


nsn 

78.4 

18t.O 

47.0 

29.7 

81.;l 

78.7 

181.4 

48.0 

40.7 

84.0 

79.0 

181.2 

49.0 

41 .0 

81.8 

79.2 

ISI. 1 

50.0 

■ia..7 

85. 1 

71). 0 

181.0 

r.i.o 

42.5 

85.2 

79.9 

180.7 

r, 2 .o 

14.1 

85.5 

80.2 

180..7 

52.0 

4.7.4 

85.7 

80.4 

180.2 

54.0 

40.2 

80 0 

80 7 

180.1 

55.0 

47.2 

80.2 

81 .0 

179.8 

50.0 

48.2 

80.4 

8! .2 

179.0 

.77.0 

49.2 

80.0 

81 .5 

iro.i 

58.0 

50.2 

80 9 

81 .8 

17!).;! 

59.0 

51 .2 

87 1 

82.0 

179 1 

00.0 

.52^ 

87. ;i 

82 2 

179.0 

01 0 

52.2 

S7 5 

82 5 

178.7 

r> 2 .o 

54.2 

87.0 

82 7 

178.5 

02.0 

55.2 

87.8 

8;i.() 

178.;i 

01.0 

50.2 

88.0 

82.2 

1 78.1 

05.0 

57.2 

88.2 

82.4 

178. I 

00.0 

58.2 

8.S.2 

82.0 

178.0 

07. 

59.2 

88.5 

82.8 

117.8 

08.0 

00.4 

88 0 

84 0 

177.0 

0i».0 

01.4 

88.8 

81.2 

177.4 

70.0 

02.5 

89.0 

84.4 

177.;! 

71.0 

02.0 

89.1 

81.0 

177.1 

72.0 

01.0 

89.2 

84.8 

177.0 

7;i.o 

0.7.7 

81). 1 

85 0 

177.0 

71.0 

00.8 

89.5 

85 2 

171!.7 

7.7.0 

07.9 

89.8 

85.5 

170.0 

70.0 

0!).0 

90.0 

85.7 

170.2 

77.0 

70 2 

!)() 1 

85 9 

170.1 

78.0 

71 .1! 

90 2 

80. I 

170.0 

79.0 

7-4..7 

90.4 

80.2 

175.8 

80.0 

7:i.O 

90.0 

80.0 

175.0 

81.0 

71.8 

90.8 

80.8 

175.5 

82.0 

75.9 

111 .0 

87.0 

175.5 

82.0 

77.1 

1)1.1 

87.3 

17.7.14 

84.0 

78. ;j 

1)1 .:J 

87.4 

175.1 

85.0 

7!)..7 

91 .5 

87.7 

171.1) 

.80.0 

80.7 

1)1.0 

87.9 

171.7 

87.0 

82.0 

1)1.8 

88.1 

174.0 

88.0 

82 2 

1)4.1 

88 5 

174.0 

89.0 

81..7 

1)4.;! 

88.8 

171.4 

!)().() 

85.8 

1)4.0 

89.2 
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foidanoo witli liis fjbscrvations, in which ho siihjeotod 
(irooJiing’s fifjuros to a oritioal oxainiiiation and round 
tJiat they woie isoniowhat too liij>li, ospooially for Josser 
stronf>ths of alooliol. 'I'liis is ]irohahly dno to tlio fact 
tliat tlioro is a ooruhnisatioji of W(‘al<or alooliolio fluid on 
tlio walls of the distillinfj: vessels, whieli reinhu's tin' de¬ 
termination of the eontent of aleolioi in the vapors or 
distillates too high. 


OROENINO’.S TABI.E AS OOKREfn'KD BY SOUKL 


Omtotif of Alcohol 
lo tho 

lloiliUK Fluid. 
IVr ct'iit. by 
N'olumo. 

1 

Corileiitof A’coholiii 1 
tho VtuxivsFvolved, ' 
At’ccruitiK toOroon- 
in>f. Per cent, by 
Volume. 

Contoritof Alcohol in 
the Vnpovs Evolved, 
Acoordum to Sofol. 
Per ceut. by Vol¬ 
ume. 

DilTerciice. 

IN reent. by Volume. 

0 

0 


0 

5 

l:', + 

55.75 1 

7 05 

10 

,07 -i 

51.00 ' 

0 '20 


07). 1 

01 50 

00 

•20 

71 :i 

00 -io 

5 10 


75.1 

or 05 1 

7 15 

V) 

TS 1 

00 -20 

s SI 


SO. 5 

70 00 1 

0.00 

(0 

St>.5 

71 !ir. 

10 :;5 

45 

s:{ s 

7:l I.7 

10 55 

50 

S5.1 

71 !« 

10 15 

55 


70 54 

0 00 

(>0 

S7.:! 

7S.17 

0 15 

05 

1 SS. ‘.i 

70 0-2 

S.'2S 

TO 

so.o 

SI S5 

7.15 

T5 

so.s 

Si 10 

5.70 

so 

00.0 

SB 4!l 

-111 

85 

01 5 

SO. 05 

'2 45 

00 

0-2.0 

01 .SO 

0 SO 

nr, 

05. 1 

05 05 

0 :ir, 


07. (> 

07.00 

0.00 


Kroni (Jroeniug’s table we see, for instance*, that from 
a 12 jeer cent alcoholic mash, which hods at ltU!.7° F., 
X'apoi's are fii’st evolved which contain (iO.H per cent hy 
\'oinine of alcoliol. Ifecause at the heginning of tlio ebulli- 
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tion vapors veiy rich in alcohol are fonncd, the alcohol 
content of the boiling li(juid naturally, at once begins to 
decrease, and when, for instance, it has fallen to 19 per 
cent, the boiling i)oint rises to 198.7” F., the alcobol con¬ 
tent of the vapors falling to 57.2 per cent. If through the 
distillation of the alcobol the content of spirit in the re¬ 
maining mash has fallen to 5 jier cent, the alcohol con¬ 
tent of the steam is 42 ])er cent only, and this decrease 
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continues until all the alcohol is distilled off. From this 
it appears that while absolute alcohol cannot be obtained 
through the distillation of an alcoholic mash, nevertheless, 
the total alcohol vapoiizcs before the water does, so that 
it is possible to obtain from an alcoholic mash a distillate, 
with an alcohol content highei' than that of the original 
mash. 

II_SIMPLE DISTILLATION. 


'riie oldest method of strengthening alcohol consists. 
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in redistilling the condensed alcohol as frequently as 
]iossil)le. The latter is stronger than the mash, hut still 
not of sufScient strength for use. In this method, after 
each rei)eated operation, a stronger distillate is obtained, 
while a watery residue remains which is free from 
alcohol. Naturally, the process is an extremely com¬ 
plicated one, but it remained the only available method 
foi’ hundreds of years. Fig. (i2 shows apiiaratns avail¬ 
able foi- distillation as carried out in the old, simple 
distilleries; it comprises essentially, an alembic or still 
combined with a cooler. Through the opening <t, the mash 
to bo distilled is introduced into the still A, the head B 
is ])lacod U])Oii the still and the* mash is heated to the 
boiling point by direct application of fire at B. The 
evolved va])ors enter the worm.f’, which is located in the 
cooling water vessel 1), and are here condensed. The 
distillates from several stills are combined and returned 
to the still A for redistillation, and this o})eration is re¬ 
peated until alcohol of the desired strength is obtained. 

III.—DEPHLEQMATION. 

The principle of the dephlegmator consists in the par¬ 
tial (‘ondensation of the alcoholic vapors from the still or 
rectifier, and the conscfiuent enrielmient of these vapors. 
.According to rumi)e, the vapors are not separated into 
pooj’cr and richer ])oi'tions in the dephlegmator, those 
l)oorer in alcohol being condensed, but the vapors are 
uniformly <*oiulensed as in the reihitier, and by the action 
of the succeeding vapor the condensed fluid is again 
volatilized. In simple distillation, on the other hand, it 
will be remembered, alcohol is strengthened in exact ac¬ 
cordance with the figures of Groening’s tabh; as corrected 
by Sorel. From this it would appear that the strengthen¬ 
ing action of the dephlegmator is due to frequently re- 
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peatod condensation by cooling and re-cvai)oration ac¬ 
companied by concentration. 

According to I’ainjie tlic following rules .should be ob¬ 
served in the ojieralion of the dciihicgniator; first, the 
vapors should tiujvc slowly through the tlevi<‘e; scconelly, 
the cooling should be gradual- that is, the dittercmce in 
teinptuatuie between the cooling .suifacc and the alcoholic 
vapor must not be too gieat; thirdly, as ))erfect as i)os- 
sible a coiinter-curi'cnt oJ' vajior and cooUng water .should 
obtain in the dephlegnuitoi-; iind lastly, the .sei)arated fluid 
shouhl move from a colder to a warmer ])ortiou, wdiile a 
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counter-current between the dc'seending hnv wane and the 
asc('jiding vapor should be imiintained. 

figs, (id and 94 illustrate e\ain])1(>s of tube and bell 
rectifiers, used for tin* concentration of vapors pooi’ in 
alcohol to vapors riclnu' in alcohol. I’lach (‘omprises a 
jilurality of low' cylindric'al chambers, the bottoms of which 
are connected by lateral pipes. Several short tubes are 
arranged on the Ixjttom of each chamber i)i(),jf^cting u])- 
w'ard to a ])oint abov<‘ the toj) of the i)ipc at the side, 
so that the level of the fluid in the chamber is always 
lower than the tops of the shoit tubes. In the tube rec- 
tifi(“r, the tubes branch off into two smallei' downwardly- 
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•lisposed tiil)es, witli openings wliicli (lisclini'ge below the 
level of Die tinid in tlie eliainbci’. In tlk' bell leetifiei', 
iii)>tal bells nionnteil o\'ei' llie sboit tubes with theii’ 
edges below the level of the Ihiid. 'fhe vapors risiiig 
fiom the still are eondensed in the low(>st ehanibei’ and 
till th(‘ bottom of the leetilier eolnmn and the ehambur 
wilh llnid which gnidinilly lises to the lev( 1 of the lateral 
))ipe, thi'ongh whi(‘li the low win<“ esejipes bjich to the 
still. As the shoi'l tubes can diseliaige into the* fluid in 
th<‘ (.•hamber only, the succeeding va|iors ai’c forced to 
pass through the iiioie eoneentiate(l solution, and are 
thereby enriched in ah-ohol. 'I'he fluid is e\'(‘ntually Jilso 
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eva))orated and in the foini of a vapor richer in jileohol 
than the first passes into the second c\ lindiu-, in which 
it is eondensi'd, then into the thiid, jind so on until the 
sti'ongest concentration is obtained in the highest chiimber. 

1'he rectifier columns in tln' latest foiins of api/iiratus 
of this eharactiu- are eonstmeted so that the mash passes 
downward through the (‘hambers, while steam enteis in 
an opposite direidion and passi's through small tubes dis- 
ehaiging bi'low tbe surface of the liipiid, !iud thu.s in its 
passage becomes (uiricbetl W’ith :ilcobol, while the mash 
becomes thoroughly exhausted. In certain types of a])j)a- 
ratus the (‘scajiing vaiiois jiass through siev<‘ bottoms or 
jierforated jiartitions for the jiurpose of rectification. In 
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one type of rectifior, Tlses’s a})paratus, tJie aleoliolic 
vapors pass tlirougli cylinders filled with glass or por¬ 
celain halls. 

The products of the distillation of the mash are, first, 
low wines obtained by simple distillation, s))irits or 
whisky obtained by rectification, and alcohol obtiu'nod by 
compound distillation. Low wines contain as high as 40 
per cent of alcohol, spirits between 40 and 55 pei' cenl, 
and alcohol between 55.(i and 00.7 ))or cent. Tlu; lesidia* 
after tlie distillation has freed the mash as far as pos¬ 
sible from alcohol, is known as spent wash, and usually 
is of considerable value as food for cattle and for other 
purpose.^. From the above it will be seen that distilla¬ 
tion can bo carried out by two methods: First, by simi)le 
distillation, in which products of increasing strength are 
obtained by repeating the operation; and secondly, by 
compound distillation, in which the ai)paratus includes 
rectifiers or dephlegniators. (k)m[)ound distillation ai)i)a- 
ratus is divided into two classes, com))rising i)eriodically- 
working aiiparatus and continuously-working api)aratHs, 
respectively. 

IV.-COnPOUND DISTILLATION, RECTIFICATION AND 
DEPHLEOMATION. 

1*—Periodic Distilling Apparatus. 

The simple method described in section ,11 above was, 
of course, available for the manufacture of spirit on 
a very small scale only. The airangemcnt of inodtnn 
distilling apparatus is such that the alcoholic vapois J'rom 
the mash pass into the rcidifier column and from there 
into the dephlegmator or the condenser, where for ])ur- 
l)oscs of strengthening tliem they arc partially cooled and 
condensed. The litjuid condensed in the dephlegmator 
flows back into the rectifier and there encounters the as¬ 
cending current of weak alcoholic vapors. By the contact 
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tliu vapors are brought to ebullition and evai)oration, and 
become richer in alcohol. The ai)paratus is so devised 
that this operation is rei)eated until a very strong alcohol 
is obtained. It will he 
understood that the recti¬ 
fier and dephlegniator are 
often interde})endent. It 
was a great advaiu'e in 
th(“ sci(‘nce of distillation 
when I’istoi'ius in 1817 
consti acted an aii))ai'atus 
which, in one operation, 
effected the distillation 
and the strengthening of 
the alcohol. This was, of 
coiii'se, ))ossihle only by 
repeated «‘ondensation of 
the distillate and renewed 
vajioi ization of the alco¬ 
hol. 'j’lie Pistorius appar¬ 
atus in its column form is 
illustrated in Fig. 65. 

The device includes a 
pre-heater, which has a 
very favorable action in 
inci'('asing the econoiny of 
the heat consumption. 65_pistobius’s Column Dis- 
Furtherniore, in this ap- jillino aitakatus. 

paratiis the mash was 

not deprived of spirit by direct firing, but lost its alco¬ 
hol through heating by steam, and this too, was a 
decided advance in the art. The exhaust steam from 
the steam engine can be used for the operation of 
J’istorius’s still. The ma.sb, which is to be distilled, is 
first introduced through the i)ii)e c into the pre-heater G, 




.'}02 INDU.STHIAL AIA'OHOL. 

])asso(l fi’om (1 tlirougli the valve ()i)eiiing, whieli can l)e ad¬ 
justed as desir('d at c, into tlie tTd)e hi), and then into the 
uj>i)ei' still from whence it is juissed through th(‘ \'alvi‘ 
III and lli(‘ tube mi into tlie lower still A. Steam is in¬ 
troduced thiough the steam liil'c d into the still J. and 
the mash is there' e'e)m|)lcte‘l>’ ele'iniveel eef spiiit. Weak' 
alceehedie- vapors ari‘ the're'hy eveelveel, as the> imish, as we 
shiill se‘e' elire‘e'tl>’, lias alre'adv been eh'priveel eif ah'eehol to 
ii e-ertain e'xtent in the still (d’he we‘ak ale'eiheelie- vapeers 
have a seeme’what higher lem|)erature‘, iinel jiass through 
the- tube' h\ which elise'luirges threeugh twee euiiveel arms 
uneh'r the* surl'ae'e' eef the' mash in the' still iute) the 
katte'r, evlu'ie' the' e'emte'uts aie' oreiught te) e'bullitiein and 
are leartly ele'prive'el eef spirit, as the te'inpe'iatuie' eef the 
vapors is highei- than the' heiiling point of this streengly 
ale'e)he)lic mash, 'fhe veipens whie-h have he'e'ii e'jnie'hed 
with ale'eehe)!, the'ii I'ise threeiigh the' tube' J> inte) the le)W 
wine' chamber !<’; the tube- D lor the' intieeelue'tieen eef ste'am 
is jnovideel with a llange'el e';i]) see that the' vapeers rising' 
from (' must feere-e' their way threuigh the' e'emtents eif the 
e'hambei' /•’, there'by bringing the' liepiiel in the' e'hambe'r te) 
ebullition anel vapoiizing the' ah-eilu)! it e'euitains. 'I'lie 
vapens e‘ve)lveel in the e'luimber /'’ the'ii rise' thieeugh the' 
double tube' 7/, II. inte) the ce)llee‘ling tube II. In doing 
this they pass thie)Ugh the pre'-lu'Ute'r (!, warm the' mash 
which this e'onlains se) that it afterwarel ente'is the' still C 
in a pre'-heaiteel e'eenelitiem thre)ugh thee tube' h. 'I’he' vapens 
are partly e-eenelenscd by this operation, tlow bae'k into 
the) low wine chamber l<\ anel are strenglhe'iieel by I'e- 
peated elistillatieui in this manner. ^I'he stre'ngthened 
alcohe)! va|ie)rs now |);iss through the tube II inte) the 
basins ,1^ anel J, e)f the; apiearatus. These lentil-shaiied 
basins aie i)re)vielcel with lims em their ujeper sieles, anel 
are thus adapteel te) ree.'eive layers e)f water. As inelicateel 
in the engraving, they have inserteel conc-sliaped covers, 
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around wliicli the alcohol vapors must ]iass so tlial tlicy 
arc c(K)I(“d hy coidact with IIk- surface coohal iiy tie 
water, and thus a part of tiu* alcohol cond<'US(‘S in a 
weal<(‘r condition, flows hack throusih tubes //, and //_. into 
th(' low’ wine ehaiuhei' /•' to und(‘ri>() redislillation and 
strengthening'. Kroui tlu' first hasin , the vapors ]>ass 
into th(‘ similar hasin ./, where they are again strength¬ 
ened by b(*ing' partly eondemsed, the condensed li<iuid 
jiassiug through tin* tube /•/, to the tulx' c/_. and thus r('- 
tui'uing to the low win<‘ chamber /■'. 'I'lie vapois whieh 
are thus sulficiently strengthened then ]iass through 
the tubes /i into the cooler, and ar(‘ here condensed to 
strengthen the spirit. In this ajiparatns it is ]iossible, by 
rcgulatijig the (piantity and temiperatur(> of the cooling 
watc'r used in the ])asius, to attain any degree of sireugth 
in the alcohol; by means of the I’istorius device' i.t is pos¬ 
sible to obtain spirit of high pei-eentage. .\s can he 
seen from the aho\'e d(‘sciiption, tin* opeiation of th(' 
ap])aratus is a pei iodi<‘ (me that is, wlnm tiu' contents of 
the -till ,1 hav(> been d(‘pri\'ed of spirit, the still must 
be emptied hy uu>ans of the cock // and tlu' contents of 
th(‘ still (' allow'(>d to ))ass into while the contents (d' 
the pre-heater (I are introduced into ('. ('onse(|uently 

ap](aratus of this type i-e<|uires constant care and atten¬ 
tion, as, naturally, it must alwass be aseeitained when 
the mash in the still A is ])i'oiierly (h'prived of spirit. It 
is for this r(>ason that tin- iidroduction of contijiuously- 
working a])i)aiatus w'as necessary, in order to eidarge the 
sco])c of the distilling plant. 

2.—Continuous or Uninterrupted Apparatus. 

Apparatus of this typo must be ])rovidcd with ofiioient 
regulating ap))liances so that it is (*apable of pro])er 
automatic operation. In continuous distillation the 
proc(‘Ss is briefly as follows: 'I'he termented mash in an 
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uninterrupted stream advances against a current of steam. 
The difference in the temperatures of these two currents 
is sufficient to effect the deprivation of the mash of aJI 
its alcohol, the spirit passing over to the steam. The 
steam thus impregnated with alcohol vai)or passes into 
the rectifier and dephlegmator device, while the mash, in 
the form of spent wash, passes out of the apiiaratus. To 
reduce the heat consumption to a minimum, the mash 
itself is em]iloyod in the cooling apparatus and the 
dephlegmator. 

A. Apparatufi for the Prodiirfio)! of Rair HpUit. 

These apparatus are to be found in the majority of 
modern distilleries, ff’lie type most witlely used is prob¬ 
ably that designed by Savalle, in France, using the ar¬ 
rangement of the column devised by Champomiois, and 
that of Foffey in Fngland. The general arrangement is 
shown in Fig. 6(1. This type of continuously-working, 
column apparatus is the one manufactured by many 
machine factories. 

The apiiaratus comprises the following i)arts: A, the 
distilling column; B, the lectifier column; C, the con¬ 
centrator; I), the condenser for the alcohol vapors; E, the 
outlet for the spent wash; aiul (1, the outlet for the spirit. 
The mash is first raised by means of a jnimi) and is forced 
through the tube .v into the concentrator (', wdiich is ar¬ 
ranged to act as a pre-heater; the mash then jiasses in a 
pre-heated condition through the tube .s', into the u])per- 
most of the eleven chambers of the mash distilling column 
Ar This column A consists of chambers provided with 
dropping tubes, which i)roject above the bottom of each 
chamber and have their lower ends extend to below the 
level of the corresponding tube in the adjacent chamber, 
so that in each of these chambers a layer of mash of a cer¬ 
tain height remains, while the direct passage of the vaiwr 
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througli these tubes is avoided as the tubes ])ro,jeet into 
the niasli. d'lie mash [)asses in a eoiistant stream througli 
the tulle ,s’,, and J'rom chamber to chambei' of tla- <'ol- 
umn A until it is completely deprived of spirit and 
jiasses through tlu‘ automatic outlet (h'vice !-]. Steam is 
introduced into the lowest division of the distilling column 
through the pipe b, and hmeby th<> last remnant of alcohol 
is distilled off from the mash, which has previously been 
freed from spirit to a huge extent. The evolved vapors 
liass through a wide opening in each chamber to tlu' one 
above; as this ojiening is provided with a flanged cap 
extending into the mash, the vapors must force their way 
through the mash of each chamber, biinging this to the 
Iioint of ebullition and being, in tuiTi, strengthened 
thereby. In this manner the steam flows against the 
current of the mash and gradually enriches itsihf wdth 
alcohol during its jirogress. Finally, the alooholic vapors 
pass out from the U[)]iermost chamber of the mash column 
A, into the rectifier column B, which, in the aiiparatus in 
ijuestion, comprises fifteen chambers placed one above tin* 
other, and provided with sievedike, jierforated bottoms 
and dro])ping tubes, d'he alcoholic va])or traverse's the 
rectifier column B ami enters the concentrator (' through 
the pijie <1. The concentrator consists of a comjiaratively 
large easing fillwl wuth water and enclosing a double- 
walleil, annular vessel which in turn surrounds a copiK'r 
worm, d'he fermented mash is ]iumped through the woi ni 
and is heated by tin* alcohol vapors in tin* annulai' vessel, 
while the va()ors in turn are cooled by the (‘old mash. 
During this process a weakly alcoholic ])art is condensed 
and flows through the tube c into the uppermost chamber 
of the rectifier column B, while the uncondensed alcohol 
A*apors fiass into the condenser 1) through the tube c, and 
are here condensed and drawn off as strong spirit through 
the spirit outlet G. 
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part condensed in the concentrator flows tlirougli the 
tub(? c into file ujipcrniost chanihcr of the rectifier column 
/>', in wliicli th(' li(|uid is allow('d ti) How from chamher to 
<'hamhcr thiou”!) tin* diopiMnf>- tnhes. Duriiifr this opma- 
tion it traverses perforated iiartitions throus’li which the 
alcohol vapors constantly i isc from tiu' distillini>' column 
>1. 'rh(“ va]iors gradually bring the alcoholic Iluid to (‘))ul- 
lition, so that it rctuins to the elistilling column J (piile 
thoroughly rle[)i'iv(Hl of spirit, UTid here it linally is com¬ 
pletely deprived of its aleohol. The alcoholic vajiors de- 
veio))ed in tlie rectifi(‘r column constantly pass into tlio 
concentrator (' wliere tluyv undergo the necessary str<»ngth- 
ening. The arrangement of tlu- column apiiaratus tlnne- 
foro is base<l upon the repeated condensing of the alcoholic 
x’apors by cooling and tbe revolatilization of the condens(>d 
li(iuid in a strengthened condition. Its action is, there¬ 
fore, e<piivalent to a repeated distillation, accom])anied by 
strengthening, condensation, revai)orization, etc. ft was 
through the introduction of the column distilling appa¬ 
ratus I hat the niaiiufacture of si>irit really became an ef¬ 
fective iinlustry. 

It is sometimes (mstomary to build the column distilling 
ajiparatus in two i)arts because of its great height, so 
that the rectifying column is located not ui)on the distill¬ 
ing column, but alongside of it. This arrangement also 
has the advaiitage that the so-called si)indlings or low wine, 
with its constituents, does not pass into the wasli, vvh(*reby 
th<‘ latter is I'ccovered in a more coiu'cntrated condition. 
W'ash of this chara(‘t(‘r is at times (h'siruble. 'The two- 
part apparatus, an example of which is iliustrat(>(l in Fig. 
(>7, are somewhat more exjiensivc than tiu' single a])- 
l)ai’atus, by reason of the greater (|uantily of material 
necressaiy in their construction. Furthermore, the opera¬ 
tion of the former necessitates somewhat greater care an<l 
attention. 
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With the eoutinuous distilling- a]>paratus of the kind 
desciibed ahovoj it is possihlcj with single distillation, to 



Frfi. 67. —Two-part Column Diwtti.lin'o AppARATtiM. 


obtain spirit of 80 to 87 per cent by volume. During re¬ 
cent years the teelmical utilization of alcohol on a large 
scale, has increased the requirements with regard to the 
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efficiency of ])roduction in the nppaiatiis, and lias necessi¬ 
tated tile inanni'actui'c of raw spirit of as iiigli a grade as 
possible. 

B. The. Modern Dephlej/molor. 

'Idle introduction of the depldegniator marked a decidetl 
advance in tlie distilling industry. 'I’he dephlegmator 
realis' constitnti’s an improveincnt of tiiat part of tlu' a]>- 
jiaratns which effects the slrcngtliening of tlie alcohol 
vajior arising from tlu; distilling column. This operation 
was canied out in the earlier constructions by a delinite, 
regulated co-operation of tlie rectiticr cohmm and tlie con¬ 
centrator, so that th(‘ alcoliolic vapors escajiing from the 
rectitier column were condensed in tlie concentrator and 
wore returned in the form of low wine to the former where 
they were again volatilized. 'I’he vapor from the rectifier 
column was strengthened to a distillate rich in alcohol by 
means of the vajiors rising from th<‘ distilling column, and 
the strengthened va[>oi’ then jiassed into the concentrator, 
where in a manner similar to tin* condensation of the low 
wine it was jiartly condenseel against the cooling walls, 
till' nncondmisial vajior escaping into tin' condenser. 'I’lie 
ob.j(*ct of the deplilegmator is to effect the condensation of 
the alcohol vapors arising from the distilling column, as 
well as to accomplish the revolatilization of the condensed 
liipiid ])resent in the form of drops. 'I'lie effect of the 
sti'cngthening of the rising spirit vapor accomplished in 
this manner, is greater the moi'c freipu'iitly the condensa¬ 
tion and revaporation are carried out and th(‘ more thor¬ 
oughly each individual part of the s]iiiit enti'rs into this 
])rocess. It is for this reason that in tlu' construction of 
the apjiaratus espc(*ial stress is laid uiiou the etfecting of a 
very rapid and thorough e.xchange of heat between the 
alcoholic vapors and the cooling liijuid, as well as upon 
the greatest iiossible diffusion of the condensed 
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“plilegni,” or water of (listillation. With tins apparatus 
it is iiossible to obtain proihu'ts of eonsidei’ably higher 


grade than tlmt yielded by 



-Fm;. <lS.—A Modkh.n Foini 

DKPII LFtJMATOR. 


the fonner condensing apjdi- 
a n c e s. T h e a v e r a g e 
strength of the alcohol pro- 
(huHHl by distilling a|)])ar- 
atns liaving dei»lilegmators 
is St) to 92 per cent by vol- 
iniie. This fact is extrtane- 
ly fiivorablo to the wider 
use of s]>irit for technical 
l>iir])o.ses, for heating, light¬ 
ing, and motive power. 
Fiirthermor(‘, it deci'eases 
the useless ballast of water 
with which the alcohol is 
otherwise laden, l^’inally, 
by the elimination of a spe- 
(*ial rectifying cohmm and 
the consecpient decrease in 
the h(‘ight of the apparatus, 
the latter is far sim))lcr in 
construction and ]ires(>nts 
less diflictdty of installation 
in the distilhuy building, 
'file deplilegmator has been 
found efficient and success¬ 
ful in o]i(“ration wherever 
introduced. 

In lecent yeais a sei ies of 
de])blegmators based upon 


the princiiile described above, has bism designed and 
placed u])on tlu> market. The tir.st of the.se, which was 
thoroughly tested in pjacdice, was designed by J. Ver- 
<'how, Gei’inany. Tin; same ai)])aiatus as constnicted by 
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Scliniidt & Son, Nauon, Mecklenburg’, (lermuny, is illus- 
in Fig. (>8. 'I’his type of the devici' consists main¬ 
ly of tlii'ce casings located one rvitliin tlu‘ other. The 
innm’ casing on its out(‘r side, and tlie middle casing on 
both its inner and outer sides are provided with annular 
angle flanges riveted in jiosition. 'flic mash is ])um])od 
into the dephlegmator through the inlet n, ami flows Ive- 
twwm the outer and the midrlle easing in a gradual spiral 
]iafh foimed liy tin' (lang(*s to the outlet h, from which it 
passes tlii’ough a pipe to tiu! mash column, d'ln; alcohol 
vajiors arising from the mash column enter the dephleg- 
matoj- at //, and are forced to How hack and forth by the 
flanges njion the outer side of the inner easing and the 
inner side of tin* middle casing, until they collect in a low 
wiin* ehanihei’ located at tin* up]>er iiortion of the dephleg¬ 
mator, and fi’om tln*nee jiass into tin* condenser through a 
tuh(* (1. d'he alcohol \'apor, whi<’h is condensed, and the 
lesulting low wiiu; pass through the r-shajK*d tube c be- 
tw(*en the Hanged casings, and trickle through these down- 
wai<l into the uiiper part of the mash column. 

The inn(>i’ casing is tilled with cooling wat(!r, which also 
surrounds tin* low wiin* chainb(*r (‘oinplet(*ly. The mash 
is ln*at(*d by contact with tin* warm outer wall of the ntid- 
(!l(* casing, and at tin; same time cools off the alcohol 
\a|)ors. 'I’he cooling rvater o\’(*rHows through the o])en- 
ings c. After tin* eoiniiletioii of the operation, the d(!])h- 
legmator is emi>tied by diawing off the water through the 
tulie /. If tin* flow of tin* mash should be ridarded by 
choking of the passag<*s the right- and left-hand screw- 
joint, indieati'd at //, is loosened and tin* outer easing is 
sliiip(*d off. The two inn(*r casings arc* rendered tight 
against tin* ont(*r casings by means of a rubber ring at 
the ui)per end. 

Slight dilifer(>nces only are found between the above 
described deiHdegmator and those of AV. Biit'kenhagcn, 



MASH-COLUMN 

Fio. fi9 .—Wacenkr Tyi’E of Dkimii-kcmatoii. 

It should be noted that these systems too, have been found 
efficient in practice. The dephlofijmator constructed by A. 
Wagener differs considerably from tlie form desci'ibed 
above. It is illustrated in Pig. 69. 























































ITkS MAN' UrAC'Tl RK AND I.SKS 


313 


33iis apparatus is tlat and roctaufj:ular in t'orin, and lias 
n longth of about 3 t’cot, a width of about 4 inclios, and a 
lieiglit of about 4['.j IVet. Tlio niasli outers at the point 
ilesoribed as inasli inlet in the illustration, and jiasses 
througb the lubes n, visible in the cioss section. 'I’lie 
niasli gradually jiasses downward along a sinuous imtli 
until it enters the distilling colunm, heated to about 1()7“ 
4^. Idle side walls of tJi(‘ deplilegniator are fonned of cor¬ 
rugated sbcct niclal d. d’lu* niasli tiilies and the inward 
convolutions of the walls arc pro\id(‘d with longitudinal 
iiK'tal strips i. and c, soldc'i'ed in place. The alcohol vajiors 
arising from the distilling colnnin are forcc'd by the metal 
strijis to pass sinuously u|iward between tin' cold mash 
tubes and the outer walls whereby the heat of evajioration 
of the vapors is largely givmi up in both directions. If 
the A'apors are jiartl^' li(|nelied in cons(‘(|nenc(‘ of this loss 
ill beat, the li<|uid collects in drops upon the metal strips 
and ill tin’s form is again easily volatilized by the ascend¬ 
ing vapors and convertcnl info high grade \’apor which, in 
turn, imdergo(>s the same changes, so that the rising va¬ 
pors aie gradually strengthened. The strengthening pro¬ 
gresses so far that after the deiililegmation and rectifica¬ 
tion has been comiileted in A', a second part of the ajipa- 
I'atus mounted uiion tlu' true deplilegniator and filled with 
wati'r tubes, the vapors can (“scape to the condenser with 
a strength of 8!) to !)1 ]»er cent by volume. All the tubes 
in the apjiaratus are [irovided with hn'king ca])s, so that 
when necessary they can be removetl easily to be cleaned 
with tin? (‘I<“ansing brush or rod. The apparatus lias 
already be<>n introduced into a large nunibei- of iilants, 
and lias been operated successfully. On the whole, the 
introduction of the deplilegniator must be regarded as a 
])ractieal and valuable advaiUH* in the develoimient of the 
ajiparatus of the distilling industry. 

The construction, arrangement and method of operation 
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ot the distilling ajipanitus were iiiatorially changed by 
Jlges, who designed complete and automatic regulating 
devices, and therebj^ effected a new form of distillation, 



wherein the mash is located not in a distilling column 
provided vuth a plurality of chambers r)artially filled with 
mash and in contact with the air, but is introduced instead 
into a single continuous I'olunm. In Fig. 70 is shown 
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tlu' avrangeinent of llgos’s aiitoiaatic* apjiaratus. The 
laasli Hows from the masli container p thiough the outlet 
tube a into a funnel which is mounted on .a scale; the 
oulflowing current of the mash is a(‘eurat(‘ly regulatial by 
the mo\'ement of one of tin; scale beams, 'riiiough tin* out¬ 
let opening / and the inlet i>ipe B, the mash enters the 
distilling column A. 'I'lie latter is eomi)lel<>ly filled with 
mash, and is proA’ided with such arrang(nnents only which 
dejnaii': a certain jiath for the mash. 

The vapors evolv(‘d in the distilling column A subse- 
<|uently pass into the dephlegmatoi' and concentrator ]), 
1h(‘ lower part of which contains i)orc('lain balls. Its up¬ 
per |)art, on the other liaml, is ]ir()vid(Hl Avith Avatcr-filled 
cooling tub<‘s, by means of which a i)artial condensation 
of th(‘ Aveak'cr va|)ois ami a c<)ns('(|uent strengthening are 
(effected. 'I’he ('ondensed li((aid tloAvs back into the mash 
column and lane und(U'go(>s renewed distillation and 
strengthening, whih* tlu> sti'engthemal ah'ohol Aaijiors are 
ii(inefie<l in llu* comkmser /■>. ddie remo\al (d the sjjcnt 
Avasii is accomplished by tlu' outlet regulator (', designed 
ATiy ingeidously by llges so that tbe introduction of tbe 
mash and the lemoA’al of the spent Avash are exactly bal- 
anc(al. The most important ])art of llges’s a)>paratus is, 
hoAvever, an automatic st(>am jiressure ai)))liance Avhich 
regulates the entiance into the distilling column of ex¬ 
haust steam or of Ha'c steam from tlu* boibu's, acccording 
to Hie necessity of the oj)cration. Finally, the ap]iaratus 
is provided Avith a AA'ater regulator, AAdiicb insures uniform 
and constant pressure of the necessary cooling water. 

C. Appdnifus for Ihc Prodiiefioii of Hlt/lt Percmtage 
Spirit Direct from the jMa.sh. 

llges’s distilling api>aratus has in recynt years been so 
perfected, that by means of it it is possible to obtain fine 
spirit directly from tbe mash witlioid further rectification, 
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tile fusel oils beiiif? separated out lu a single operation. 
The apjiaratus in its [lerfeetetl torin is eliaraeterizetl as an 
“Autoinatie ileetitier for the Trodiietion of Pure Spirit 
Direet from any Kind of Mash,” and is said to yield three 
separate (pialities of jiroduet: First, !)0 jier cent of tlie 
total aleohol eontained in the mash in the form ol' liigli- 
grade spirit of IKi to !H)..b ])er eeiit hy volume; seeondly, the 
total fusel oil eoneentrated to 70 i)or eeiit; and lastl,\', all 
the foreshots at a strength of ov(‘r !)7 per eent hy volume. 

The character and the composition of the distilling 
liquid largely inlluenee the method of oiieration and the 
>'ield of the apiiaratus which ]U'oduce fine spirit diieetly 
from the mash, d'lie efficiency of such apiiaratus is de¬ 
pendent to a greater or less extent upon the character 
of the mash, whether the latter he a <‘oneentrated mash 
I’ieh in aleohol, an attenuated mash poor in s])iril, or an 
air-yeast wort. In the last ease the demands jilaecd upon 
the rectifying ap|iaratus are decidedly gieater. 

Apiiaratus which have heen found effi<‘ient in iiraetico 
in this regard are; 3die continuous distilling aiid rei'ti- 
fying apparatus based ujioii the system of (luillaume, 
the low iiressure, mash distilling apparatus of F. Pampe, 
Germany, and the mash distilling and rectifying appa¬ 
ratus for continuous operation of Strauch, Germany, jiro- 
ducing fine spirit directly from the mash. Ajiiiaratus of 
this character has recently been introduced into giai?! dis¬ 
tilleries and air-yeast factories by Becker Bros., Germany. 

V.—CLEANING THE DISTILLING APPARATUS. 

Distilling appai'atus can be cleansed by steaming or in 
the usual manner with hot water. A simpler method is as 
follows: 

After long use, distilling apparatus occasionally ac- 
(juires a crust having a thickness up to inch, consisting 
of hardened mash, grease, sand, yeast cells, husks, etc. To 
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rcinovo this without taking the ajiparatus apart, tlie latter 
is filled with cold watcu'. After a short interval the water 
is ilrawii off, all outlets are opened and a eoi)])cr pan 
filleil with <>(jual paits of aleohol and kerosene is inserted 
from tlic side and set on one of the va))or ])ipe caps. The 
mixture is then lighted. In three or four minutes the 
ehamher hoeomes dry and hot and the crust so loose that 
it can he easily removiul. The ])rocess is repeated with 
I'aeh ehamher, heginning at the lowest. With a gallon of 
tlu' mixture the largest ajjparatus can 1 m‘ cleaned in four 
hours. 

VI.-RECTIFICATION AND PURIFICATION OF ALCOHOL. 

The chief jmrjjose of the process of rectification lies in 
the removal of the volatile oils, emhiaceil in practice un¬ 
der th(“ general term of fusel oil, in oixler to obtain pure 
.alcohol. In leetification it is, of course, of greatest im¬ 
pel tance to he al)h“ to ascertain, first of all, whether or 
not aleohol contains fusel oil. It is genm-ally conceded 
th.'l tliei'c are no rc'liahle eluanieal means for the imrpose 
of lids determination, and in jiraetiei* the senses of taste 
and smell aii* usually ndied upon to dedeet the prcsmice of 
the impurities. Ilowei’er, according to Vogel, if nitrate 
of silver lie added to imre alcohol and the mixture be 
l)lac(‘d in strong siinliglit the alcohol remains (piite clear, 
while if it contains fusel oil, the li(|uid becomes tinged 
with red. (lohel has jiroposed the following method for 
testing alcohol with regard to its origin: 100 ])art.s of the 
lirandy or sjiirits to he examined, are taken, and to this 1 
]iart of ])otassium hydrate together with a small ipiantity 
of water, is added. The mixture is evaporated after agita¬ 
tion to 15 parts; 15 iiarts of dilute suliihnrii* acid are then 
added, and the mixture is thoroughly shaken. The result¬ 
ing odors are characteristic of the spirit examined. Thus, 
])otato spirit evolves a peculiarly unpleasant odor, which 
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causes hcadaclie and giddiness when inhaled, that of malt 
spirit resembles the odor of sour dougli, and similarly 
rum, brandy, and other spirits each possess a cliaiacter 
istic and easily distinguishable smell. 

As has already hccn mentioned, the larger or smaller 
quantities of contaminating constituents which acconi- 
Iiany the pure ethyl alcohol in the raw spirit of distilla¬ 
tion are designatecl collectively as j’nHel oils. 'I’lie charac¬ 
terization is rather a loose one, for, chemically, amyl alco¬ 
hol is the only fusel oil. The imi)urities in raw spirit 
comprise many other substances tiesides amyl alcohol, 
however, and these with their boiling points, as far as at 
present established, arc given below: 


Water . 

Acetalflehyde . 

Prop.vl alcohol.... 
Isopropyl alcohol.. 

Butyl alcohol. 

Isobutyl alcohol... 
Ethyl acetic ester . 
Ethyl butyric ester 

Acetal. 

Isoamyl alcohol. .. 

Amyl alcohol. 

Furfurole. 


212^ 

. 

. 20G.6" 

. 18r>^ 

. 2211 ■- 

.22(3.4'^ to 228.2^ 

. 105.2" 

. 222 . 6 ^ 

. 211 ). 2 ^ 

. 248” 

. 2()9.G° 

. 320" 


I*'. 

J’. 

1<\ 

F. 

F. 

F. 

V. 

F 

F. 

F 

F 

F 


To sejiaratf; the imjmritics from ethyl alcohol the lavv 
spirit is subjected to fractional distillation. It will bo 
remembered that it is impossible by a single distillation 
to etfect the separation of two bodies even if they have 
different boiling ])oints, since the bodies boiling at lower 
temperatures will always he mixed with compounds boil¬ 
ing at higher temperatures, and rice ver.sa. Therefore, 
before a (piantitative separation of two bodies is jiossihlo 
to a definite degree, rei)eated distillation must be <‘airied 
out. In practice, the repeated distillation is effected by 
condensing the vapors in columns and concentrators 
provided in the rectifying apiiaratus. The ease or diffi¬ 
culty with which mingled bodies can be sejiarated de- 
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pends, first, upon the ease with wliieli they are physically 
niiscihle, regardless of their res])ectiv(! boiling points, and, 
secondly, upon the proximity of their respective |)oints of 
chullition. Kectification of alcohol is nuMcly fractional 
distillation frc(|ucntly lejieatcd. If the raw spirit con¬ 
tains few contaminating constituents the refining valuo 
will he higher, Jor the by-products can tium be more read¬ 
ily and more completely separated out. In rectification 
four i)roducts are obtained; 1, fiint niuii'ni/; or forct^hol.v, 
a mixture'of ;icetaldehyde and ethyl alcohol, which has a 
lowci- boiling jxiint than (*tliyl alcohol, and is known by the 
rf'finer as (ilicr; 2, (Iran or ri'cfifird rpirif, which includes 
in the middle of the o))eration the highest product of rec¬ 
tification, wdiile at first it is contaminated wdth some acet¬ 
aldehyde and toward the end with aleohols having higher 
boiling ))oints; .‘>, feints, a mixture of various alcoliols, in¬ 
cluding a small (|uantity of ethyl alcohol and large <pian- 
tities of alcohols having higher boiling ))oints, [larticularly 
amyl alcohol; 4, fusel oil, which remains in the rectifying 
apparatus together with the major portion of the water. 

Vll.-RECTII-YINQ APPARATUS. 

Where apparatus for the direct production of ]uire 
s])ii'it is not available, or where spirit of i)articularly high 
grade is r(‘(|uisite, special ap])aratus must he employed 
for till' pui'ific.ation of tin* raw spirit by separating out the 
by-])roducts of unph'asaut taste and smell, the fusel oils, 
f’or this ])ur]iose icctifying apparatus which is based on 
the principle of that first constructed by Savalle, in France, 
is generally used. Kectifying ap]iaratus, of special 
construction and ditfeiing from Sava lie’s design, is also 
em|)loyed in many distilleries. This includes such devices 
as those constructed in Germany by lleckmann, Painpe, 
Pecker Bros., and others. Bavalle’s rectifying appar¬ 
atus is illustrated in Fig. 71. 
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The operation of this apparatus is not continuous, but 
is periodic. The large still A is filled with the spirit to 



Fio. 71. —Savali-e’s Reotifyinc Appabatus. 
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be purified, which has been diluted to 40 to 50 iier cent 
in strength. The spirit 


is slowly volatilized by 
means of a steam coil 
located in the still, 
wliich is divided into 
two parts by means of 
a partition. The upper, 
smaller iiart serves as a 
low wine chamber as in 
the Pistorius apparatus. 
B is the rectifying col¬ 
umn ; it comjirises the 
known ])erforated parti¬ 
tions yilaced one above 
the other and connected 
by droi)})ing tubes. The 
column corresponds in 
arrangement to that of 
t h ( column - distilling 
ai)])aiatus illustrated on 
jtago 305. C is the con¬ 
centrator from which 
the condensed part of 
the vapors flows back 
into the ujiper chamber 
of the rectifier column 
B through the pi]re h; 
1) is the condenser, and 
F the spirit outlet. 



In Pig. 72 is illus- Fio. 72.—^Heokmann’s Rkctifyinq 


tratod il e c k m a n n’s 


Ari'AKATUS. 


bell rectifying ap¬ 
paratus, which includes a large wrought iron still pro¬ 
vided with two steam coils, a copirer colunm placed upon 
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the still and in turn carrying a concentrator. One of the 
steam coils in the still is used for heating purposes during 
the actual rectification, while the other, which is iierfor- 
ated with fine holes, is used to expel the last remnants of 
spirit. The column contains 3(i to 42 horizontal j)artitions 
uniformly s])aced. Each of these is provided with an 
oveiflow pipe, a rim, and a number of bell-shaped mem¬ 
bers. The number of the latter de|)ends u])on the capacity 
of the apparatus. The oi)eration is the usual one, the con¬ 
densed liquid returning to the still through the ovciHow 
jtipcs, while the rising vapors are forced by the bells to 
pass in a uniformly thin layer through the boiling fluid. 
The concentrator is so arranged that the Vfipors pass 
through it ujjM'ard instead of downward. This oiicration, 
it is claimed, effects moi’c thorough jrarification and con¬ 
centration. For the purj)ose of ))reheating, the concen¬ 
trator j)ipes may project into the head of the column. 

In Pampe’s low ])ressuro rectifying a]»paratus, illus¬ 
trated in Fig. 73, the cylindrical still is open from top to 
bottom, and contains a coil of very large heating surface. 
The ajiparatus is ])rovided with a device which ))revents 
l)ortions of the fluid from being carried into the column, 
even with the most vigorous ebullition, and this assists 
in subjecting the low wine fi'om the column to a surface 
rectification before entering the still. The construction 
of the rectifying column is such that the operating pres¬ 
sure is slight, with an intense mixture of vapor and fluid. 
The effect of this arrangement is a decrease in the con¬ 
sumption of heat, and an improvement in the distillate. 
The dephlegmator oijorates upon the principle of counter- 
current between steam and separated low wine, as well as 
u]>on counter-current between steam and cooling water. By 
means of an intermediate apjdianee the steam entering the 
condenser is of the highest (piality, being previously freed 
from ])aiticles of fluid. The apparatus is provided with 
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Pli'i. 73.— PaMI’F.’r LoVV-PRESSTTHf: RECTIFYINO APl’AnATl’.S, 
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regulating devices which have heon found very effective 
in practice; among tliese are tlie steam regulator, the 
cooling water inlet regulator, and the discharge regu¬ 
lator. The distillate is discharged from the condenser in 
perfect (]uiet. This is assisted by an open yiipe in the 
concentrator, which is entirely se]iarated from the dis¬ 
charge of the rectified product. 

VIII.—SUBSTANCES USED FOR THE PURIFICATION OF ALCOHOL 
DURING RECTIFICATION. 

The rectification of the alcohol effected in distilleries 
and spirit refineries by means of the aiiparatus dcscrilied 
above, can be assisted and completecl by other means. 
Among these is, first of all, the treatment with carbon, or 
rather, filtration of the raw spirit through cai'bon. The 
imrifying action of carbon, which is usually cm]iloyed in 
the form of charcoal from bass or beechwood, or of vege¬ 
table charcoal, such as charred peat or bone black, im¬ 
proves the taste and the smell of the spirit which is treated 
therewith. The charcoal should be as light and porous as 
possible. It is still an open ipiestion whether the effect 
of the charcoal is, as ^laercker declai'cs, of a (uirely phy¬ 
sical, ahsoiptive nature, or whether it is due to the chem¬ 
ical action of the carbon, as claimed by Olasenapps. For¬ 
merly, the charcoal, when used for purposes of alcohol 
jmrification, was added to the sjiirit in a finely divided 
condition, and the latter allowed to stand thus for twenty- 
four hours. 4’hen, the spirit was drawn off from above 
4he charcoal, which had settled u])on the bottom of the 
vat. In another method the spirit diluted to from 40 to 
50 per cent was passed through a filter apparatus. This 
was constructeil by introducing a filtering mass such as a 
layer of gravel, into the wooden filtering vat and filling 
the latter with charcoal to a dejith of about 41/^ or 5 feet 
above the gravel. This incomplete method, which is to- 
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day still emploj^ed in many small plants, is unsuited for 
operation on a greater scale; in large distilleries it is now 
rei)laoed by systematic filtration through a j)lurality of 
filters combined into a batteiy. These filters are filled 
with charcoal broken uy) to the size of peas or hazel nuts. 
After using the charcoal, the filters aie steamed for the 
ymrpose of recovering the s])irit retained, and the chaicoal 
is heated to iedn(*ss in order to regenerate it, or, accord¬ 
ing to Pam])e, it is treated with sujKn'heated steam. 

The use of chemical means for the purification of raw 
sj)irit has so far b(‘en attended with little success. The 
chemical substances i)roiK)sed vary widely and include 
soaj), oil, and tatty substances, sotla, lime, permanganate 
of ])otash, sulphuric and nitric acids. All recommended 
methods of this character should bo investigated care¬ 
fully, especially as many of them merely i)roduce an 
apparent imi)rovement by evolving substances which 
seive as disguising means, and become ineffective after 
standing for a longer period, or througb tbe addition of 
water. AVheu s])irit is stored in the wood the disagreeable 
taste due to recent distillation often disa|)i)ears. This 
action is due to absorption by the wood, and to the slight 
oxidation and etherification of the higher alcohols. Per¬ 
tain alcoholic extracts of fruits, such as ])rune juice, peach 
juice, raisin extiact and Saint .lohn’s bread extract, are 
used to bide the rough and unpleasant taste of newly 
distilled s))irit. 

The chemical methods of yiurifying alcohol must not 
be confounded with the a])))lication of carbonic or caustic 
alkalies for ])urposes of neutralization prior to rectifica¬ 
tion, in order to eliminate decomposition as fiU' as pos¬ 
sible. Attempts to deprive spirit of fusel oil by electro¬ 
lytic means have, up to the present, been attended with 
little success. Among special methods for purifying 
8i)irit, should be mentioned the “Killing-Oppenheim” 
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process for improving raw s])irit, esi)ecial]y for freeing 
foresliot.s from aldeliyde. I’his depends u])on the treat¬ 
ment of raw s])irit, diluted to 40 ])er cent, with a weak 
cnnent of air at 122° to 140° F., whereby the aldehyde is 
eva])orated after ten to twelve lioui's. 

IX.—ALCOHOLOMETRY, THE INVESTIQATION OF THE SPIRIT. 

Alcoholometiy, tlie investigation of the alcohol with re¬ 
gard to its content of spirit, is carried ont by testing the 
liquid with an alc'oholometer. In the pure state alcohol 
at the standard temperatui'e of F., or .bO.O” F., for 

winch the ah'oholometer is desigiu’d, j)ossesses a sjiecific 
gravity of 0.7940; the lower the content of alcohol in a 
mixtuie of alcohol and water, the higher is the specifii; 
gravity of the mixture, that is, the nearer does the specific 
gravity approach the figure 1, which reijresents the 
sjiecific gravity of water. A definite content of alcohol 
in a mixture of alcohol and water corresponds to each 
sj)e<‘ific gravity, so that it is jiossihle to ascertain through 
the determination of the sjiecific! gravity the exact degree 
of strength of diluted, l)ut otherwise jmre alcohol. 'The 
instrument for this jmrpose, the alcoholometer, I'csemhles 
the saccharometer, with the excejition that it registers 
higher degrees of strength the deejior it sinks into the 
liquid investigated, while the saci'hai'ometer registers a 
higher sugar content the less (haqily it is submerged in 
the licjuid. Naturally, this is due to the fact that a higher 
sjiecific gravity in the second ca.se corresjionds to the 
greater sugar content, while a lower sjiecific gravity results 
from a higher content of ah'ohol in the first. 

The strength of the alcohol is cxjiressed in jiercentage 
by volume and by weight. Volume and weight jiercent- 
ages do not corresjiond, because in mixing water and al¬ 
cohol a contraction occurs. For instance, if 50 gallons of 
alcohol are mixed with 50 gallons of water, instead of ob- 
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taining 100 gallons of 50 per cent alcohol, only 96.4 gal¬ 
lons of diluted alcohol, in which there are 50 gallons of 
absolute alcohol, are obtained, because of the (‘ontraction 
of .‘5.6 gallons, which results from the mixing, (’onse- 
(luently, a mixture of this character does not contfiin 50, 
but 51.8 per cent by volume of alcohol. I>y weight the 
mattei' is dilfercnt. Fifty gallons of absolute alcohol 
weigh about .‘549.5 ymunds, and 50 gallons of watei' weigh 
440 ])ounds, the total w('ight being 789.5 pounds. The 
mixture contains 349 ])ounds of absolute alcohol, which cor¬ 
responds to 44..‘5 ]icr cent by weight. The tii st of the ac- 
conpianying tables is a k'siiiiii' of the s))ecitic weights of 
mixtures of alcohol and water, as well as of the corre¬ 
sponding |)er<‘entagcs by volume and by weight. The 
second contains the pcix'cntagcs by volume and by weight, 
according to Brix, for tlu; determination of the tnn* 
strengths of alcohol at 60“ ('. or 140° h'., 1‘rom the npi>ar- 
ent strengths as indi(‘alc<l by the alcoholometer at ditl’er- 
ent dcgi-ecs of t('mpcrature. 'I’Ik' ai)parenf strength of 
ah 'liol is the rc.ading of the ah'oholometcr :it a temperature 
<lc\i.iling from the noi'inal tempmatuix' of th(‘ instrument, 
while the ti'ue strength is th»' corresponding one at the 
normal or staudai’d temperature. 'I'h<‘ table is used as 
follows: The line at the top of the table re])rcscnts the 
actual readings, and the Irue strength is ascertained from 
the column under the actual reading, (‘orrcs|ionding to tlu' 
.actual temperature given in the first two vertical culmmis. 
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NO. 1. KI’KCIKIC OUAVITY OF MIXTUKE.S OK .VKOOHOr, ANt) WATER, A.ND THfT 
COKKE.SI'O.NTIlNd FKU CENT. BY VOM ME AM) BY WEIOIIT OF AIXOIIOI. 

AT 60“ F. 


V 

Per cent, by 
Volume. 

' . 

; if 

1 4 , 

o. 

s 

o 

3 / 

Per cent, by 
N'olume. 

|| 

a 

a> 

u 

Cl 

Per cent, by 
Volume 

i !i 

5.“ 
w c 
uis 

! - 


CorrespondinK i 
SfHJcifle Gravity. 


0ori’es|M4Ddina' 

} Specific" Ora\ ity. 


1 

1 CoiTC&iKUidingr 

1 Specillc Gravity. 

1 

o.im*) 

0.9981 

.3.7 

0.9592 

0 9490 

08 

0.8919 

0.8772 

2 

OUTl) 

9905 

50 

9579 

9472 

09 

8925 

8748 

:3 

!«).">(! 

9944 

37 

9.70.7 

94.73 

70 

8900 

8724 

4 

9042 

9928 

38 

9550 

9433 

71 

8875 

8700 

5 

9928 

9912 

59 

973.7 

9413 

7'^ 

8850 

8070 

0 

991.7 

9890 

40 

9519 

9394 

73 

882.7 

8052 

7 

9902 

9880 

41 

9.703 

9371 

74 

8799 

8029 

8 

9890 

9800 

42 

9487 

93.73 

75 

8775 

800.7 

» 

J)878 

98.72 

43 

9470 

9552 

70 

8747 

8581 

10 

9800 

9859 

44 

94.72 

9311 

4 

.8720 

8.7.77 

11 

9874 

9820 

47 

143.7 

9291 

78 

8093 

8.733 

la 

9843 

9813 

40 

9417 

9209 

79 

8000 

8509 

IH 

9832 

9800 

47 

9399 

9248 

80 

8039 

84.84 

14 

9821 

9788 

48 

9381 

9227 

81 

8011 

81.79 

1-5 

9811 

977.7 

49 

9502 

9201 

82 

8585 

843.7 

10 

9800 

9703 

50 

9343 

9185 

85 

8555 

8109 

IT 

9790 

97.71 

71 

9323 

9100 

84 

8520 

8585 

18 

9780 

9739 

72 

930.3 

9138 

85 

8490 

8559 

1!) 

9770 

9727 

.73 

92.83 

9110 

80 

8400 

8333 

20 

9700 

9714 

74 

9203 

9094 

87 

8150 

■8307 

21 

9750 

9702 

.>•> 

9242 

9072 

88 

8405 

8282 

22 

9710 

9090 

50 

9221 

9049 

89 

8575 

8256 

20 

9729 

9077 

57 

9200 

9027 

90 

8559 

8229 

24 

9719 

9004 

58 

9178 

90(4 

91 

8500 

8203 

2.-> 

9709 

9051 

59 

91.70 

8981 

92 

8272 

8170 

2i\ 

9098 

90.37 

00 

9134 

8958 

93 

8237 

8149 

27 

im88 

9022 

01 

9112 

8955 

94 

8201 

8122 

28 

!«)77 

9007 

02 

9090 

891 1 

95 

8104 

8094 


9000 

9.792 

03 

9007 

888S 

IKi 

8125 

8005 

30 

^w>r)5 

9.777 

04 

9044 

8805 

97 

8084 

8030 

31 

904.3 

9700 

07 

9021 

8842 

98 

8041 

8000 

32 

!Mi3l 

9744 

00 

8997 

8818 

99 

799.7 

7970 

33 

34 

9018 

lMi05 

9720 

9.708 

07 

8973 

8797 

100 

7946 

7946 
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yo. 2. TABI.K FOB THE DETERMINATION OF THE TRUE .STRKNOTIia OF AU'OHOI, 
AT 140“ F. FROM THE AIM’ARENT STRK.NOTHS IVDICATEII BY THE AI.C'O- 
HOEOMETER AT DIFFERENT DEBREI'S OF TEMI'ERATIIRE. 
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NO. 2. TAB!LE FOR TUB DETERMINATION OF THE TRUE STRENGTHS OF ALCOHOL 
AT 140® F. FROM THE APPARENT STRENGTHS INDICATED BY THE ALCO' 
HOIX>METEB AT DIFFERENT DEUREES OF TEMPERATURE (Continued). 
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71 

7‘) 

73 

74 

75 

70 

1 

78 

79 

80 

Strongth.s of Aleolu>l for Above Apparent Strenjiftha. 

(Pkr Pent, by Weioiit.) 
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75. S 

70.8 

77.8 

7S.8 

79.8 

80.8 

81.8 

82.8 

84.8 

84.0 

•T). ( i 
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75 4 

70.4 

77.1 

78.4 

70.4 

80.4 

81 .4 

82.4 

84.4 

84.4 

87.1 

ti 


75 2 

70.0 

77 2 

78 0 

79 0 

80.0 

81 0 

82 0 

83 0 

84.0 


4 


74 S 

75 8 

7(i 8 

77 8 

7S 8 

79 8 

80 8 

81 8 

82 8 

83.0 

41.(1 

5 


74.4 

75 4 

70.4 

77.4 

78 4 

79.4 

80.4 

81 1 

82 4 

83.4 

43.8 

(> 


74.0 

75.0 

70.0 

77.0 

7S 0 

79 0 

80 0 

81.0 

82 0 

84.0 

44. () 

7 


73 8 

74.8 

75.8 

70.8 

77 8 

78.8 

79 8 

80.8 

81 .8 

82.8 

40.4 

s 


73.4 

71.4 

75.4 

70.4 

77.4 

Ts 4 

79 4 

80.4 

81 4 

83.4 

48.3 

9 


74 0 

74.0 

75.0 

70.0 

77.0 

78 0 

79.0 

80.0 

81.0 

82.0 

50.0 

10 


73,8 

73.8 

74.8 
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PART XII. 

THE ARRANGEMENT OF THE DISTILLERY. 


T JIK arc'liitoctural arrangtanenl ol‘ tin* (listillciy muKt 
ill every detail take into eonsideratioii the exist¬ 
ing loeal eonditions, and due attention must be 
given all these eonditions in the installation of the jdant. 
In (‘hoosing the loeation ot‘ the distillery, consideration 
must he given the otlier farm buildings, especially the 
cattle stables, as well as the facilities for bringing tlu> law 
material to the ]ilant and for removing the |>roducts. 
Furthermore, the conditions go\eining the water supply, 
especially the possibility of obtaining sudicient quanti¬ 
ties of imre water, and tlu' removal of the refuse water 
arising during the operations are of importani'e in govern¬ 
ing tlie choice of the location. Sometimes, the simultaiu'- 
ous installation or the existence of other features, such as 
the dairy, thrashing machine, grist mill, or electric power 
plant, must be taken into account. Frc(jnently, it is neces¬ 
sary to suiqily the living house and the tarm buildings 
with water from the distillmy. f^or the [ilaut itself the 
following jioints should be noted: 

'file malt cellar must not be too small, as in the jire- 
paration of long malt it is lu'cessary to allow for a ger¬ 
minating period of twenty days. For each thousand gal¬ 
lons of mashing capacity the malting Hoot’ should have an 
area of at least!)(! square yards. .V distillery designed for 
a mashing capacity of three times Tat) gallons, therefore, 
must he ])rovided with a malting floor of at least 210, 
though ]neferal)ly 240 S(|uare yards. The malting floor 
should be built in the cellar, 4i4 to d feet below the surface 
of the earth, and the same cellar floor .should preferably' 
also contain the sfiirit vaults. Tn general, these must 
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be of such size that a spirit collecting vessel of a capacity 
equal to that of a railroad car lading can be erected therein, 
while 500 gallons a.ie necessary as a reserve. 

For setting uj) the decimal scale, and for the uses of 
the Kevenue Depaitineut an area of about 35 square yards 
should further be }n'ovided in a plant of the size men¬ 
tioned above. The fermenting room should preferably 
not be located below the surface of the earth, as with the 
juesent facilities for artificial heat regulation the ques¬ 
tion of a uniform tenq)erature is no longer so difficult 
a one. In winter the fermenting room can be wanned, if 
necessary, by moans of heating apparatus. Furthennore, 
movable vat cooling devices, in which either cold or warm 
water can be used in the cooling coils, piovide convenient 
means for obtaiiiing the desired temperature in the fer¬ 
menting vats. Besides the fermenting room, the first floor 
should contain the yeast chamber, the engine room, the 
vestibule with the staircase, and if possible, a room for the 
revenue officials, which can bo utilized at the same time as 
a laboratory. The fermenting room ro(iuires a floor space 
of 12.5 X 7.5 == 93.7 scpiare yards for sotting up ten 
vats each of 750 gallons <-apacity, allowing sufficient room 
about each vat to insure accessibility. The yeast chamber is 
large enough if it possesses a floor s{)ace of 6 X 3.3 = 
19.8 square yards. In the yeast chaitiber there should be 
provided a special heating chamber to receive the yeast 
vessels during souring; the latter should be mounted upon 
rollers so that they can be move<l easily from place to 
place. It must l>c possible to maintain the tem})crature 
HI the heating chamber between St)” and 104“ F., by means 
of heating apparatus which can utilize the exhaust steam. 
The entrance, with the staircase and the space for the 
barley steeping vats, comprises about 20 stjuare yards. 

The engine loom should 7 ireferably be S(iuare, of suf¬ 
ficient size and well lighted; it shouM have a floor area 
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'of 11 X 9 = 99 square yards. The boiler room sliould be 
located at the gable end of the building, the potato cellar 
at the rear, adjacent to a longitudinal side. A ground 
area of 95 to 110 sejuarc yards is ne(‘e.ssary for tlio lat¬ 
ter, so that with a height of 4.5 feet about 1,000 hundred¬ 
weight of potatoes can be stored in it. 1’be Henze a])par- 
afus tower should rise above the j)otato cellar to about 
the height of the distillery roof. 3’he yeast room should 
have one longitudinal wall adjacent to the warm boil<>r 
I'oom, and should he provided with hut one narrow exter¬ 
nal wall, having a single window, 'fhe boiler room should 
be so ai’ianged that the fireman, ])esides attending to the 
boilers, can take charge of the distilling ap])aratus or tlu; 
potato washer, ns well. If a vehicle scale is n(»cessaiy for 
the weighing of the i)otatoes furnished to the distillery, 
as in a central or communal plant, it should ]Hef(>)ably be 
locat(‘d near the engine room, so that the manager can 
attend to th(' w(‘ighing without leax'ing the distillery. The 
dwelling of the su))erintendent of tin* plant should, if 
|)os. ible, be located in the distillery building. 



PART XIII. 

THE SPENT WASH. 


A fter tho aleoliol lias 1)0011 (listillod off, tlie si>oiit 
wash romaiiis, lof^otlior witli all tlio eoiistituonls 
of tlio Miasliiiig raw itiatciial not altaokod by llie 
foiinoiilalivo aotioii, and tlio non-volatilo ])i()duot.s of tlio 
foniioiitation. By far tlio greater part of tlio wasli con¬ 
sists of water. 'I'lie ina.xiiiiuni limit for tlio water cnii- 
toiii lies t)otw(‘on !)2 and !(3 per cent. Allowance must ho 
made for this fact in using wa.sli as fodder, in order to 
insure that the animals are jirovddod with sufficient <|uau- 
tities of nutritive substances. The conpiosition of the 
wash varies considerably; it deiiends upon tho (piantity, 
kind and i-omposition of the mashing materials, upon the 
methods of o])eralion and the officiimcy of the distilling 
ap])liancos. According to nietrich and Kiinig, average 
figures for the comjiosition of various kinds of washes are 
as follows: 

Potato Wash. Rye Wash. Corn Wash. 


Wnfer . 

94.30 

92.20 

91.32 

Raw protein. 

1.15 

1.09 

1.98 

Pure inotein. 

o.so 


1 91 

F;it . 

0.10 

0.4.5 

0.93 

Non-nUro.a:enoua extraetivo sul)- 
stanres . 

i;; 


4.48 

Fibers . 


O.Cfi 

0.83 

Ash . 

0.07 

0.41 

0.4C 


Besides water tho wash (‘ontains: 

1. The iiiti o(/eiiaits caii.sf ituf’iits of the, raw 

watrrial. In potato mashes the greater ])art of those, that 
is. about rio per cent, coni|)rises albuminous substances, 
while about 45 ])er cent consists of amides (as])aragin). 
The asjiaragin, it will be remembered, is also available as. 
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an excellent nutritive aubstanec for tlie yeast, and in this 
utilization it is largely converted into easily digestible 
allmininous substances. It may be assumed that in con- 
se(iuenc(( of this transfoiniation of the as|)ai’ag'in into al¬ 
buminous substances, the wash contains foi’ each 1(10 parts 
of nitrogenous constituents about 70 to 75 ])arts of albu¬ 
minous substances, and only about 30 to 125 jiarts of 
amides. j\s the nutritive value of the albuminous sub¬ 
stances is considerably bigber than that of the amides, the 
increase in albuminous siibstaiu'cs through fermentation 
imi)roves the d<*gree of the food value of the wash. In 
grain and corn washes the (luanlity of the nitrogenous 
forms of lesser nutritive value is considerably smaller 
than in ])otato wa.sb. According to Morgan 100 )>arts of 
Ibe nitrogenous constituents of corn or rye wash comin ise 
94.12 parts of albumen and 5.1^ of non-albuminous sub¬ 
stance, while too ])arts of the same constituents in ryo 
wash jiossess similar j)roportions of 80.1 and 19.i). 'fbe 
digestibility of the nitrogenous constituents in all washes 
is b!i;b. Of 100 ])arts of the nitrogen of the wash from 
corn and rye, 82.5 i)ai'ls are dig<‘stible, of rye wash 8tt.2, 
of coin wash 80.1, and of potato wash 82.5. 

2. The. fal.H of the vxiKhiiui raic wafciidl. 4dies(“ are 
not attacked by the fermentation ami enter the wash un¬ 
changed. lOirthermori', the yc'ast converts certain nutri¬ 
tive substances in the mash into fat. 

3. I’lifenni’nted cai hohi/didles. Mven the most vigorous 
feiinentation mnan- jnogi'csses to completion; ceitain 
small (juantities of the carbobydtates, consisting of mal¬ 
tose and, more largely, of dextiius, always remain jiartly 
unfermented, ddie dextrins, however, can alsi) be easily 
digested and taken uj) by the animal organism, and must, 
therefore, bo considercil valuable nutritive substances. 

4. The non-nitrogonous constituents of the mashing 
raw materials, which are inca[)ablc of fermentation, in- 
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eluding varieties of gum (pentosanes), also useful as nu¬ 
tritive material, enter the wash unaltered. 

5. The woody fibers and the mineral substances are 
also found unchanged in the wash. The latter coinprise 
chiefly i)otassic salts and j)hosphoric acid combinations; 
the lime so necessai'y for the nourishitient and develoj)- 
ment of animals, on the other hand, is found in but small 
quantities in the wash and should, therefore, he ^)I■ovided 
in su])plementary fodders. 

(). Besides this, glyceiine and cerlaiTi ((uantities of 
acids aiipear in the wash, among them jiarticmlarly lactic 
acid and succinic acid, as by-products of the fermenta¬ 
tion. Little was knowTi with rc'gard to their nutritive 
value for a long time; lately, however, the o})inion has 
been gaining ground tliat these by-products of the fermen¬ 
tation have a stimulating action u])on tlie digestion, so 
that the wash because of the a])pearance of these veiy sub¬ 
stances possesses a comparatively higher value esj)ecially 
for feeding dairy cattle, than other fodders of similar com¬ 
position. 

T'he lelative nutritive values of nitrogenous and non- 
nitrogenous substances is the cause of the com]>aratively 
greater im])ortance of the former in the wash, as for each 
part of nitrogenous substan<‘e, })ut 2'L> to .3 parts of non- 
nitrogenous are present. In feeding large (piantities it is 
unavoidable that the rations become relatively rich in 
nitrogen, and it is to be recommended that materials wdiich 
influence this relation in favor of the non-nitrogenous sub¬ 
stances be used for additional fodder. Such material is 
found in the non-nitrogenous fodders rich in carbohy¬ 
drates. 

Experience has shown that w'asb is particidarly adapted 
for the stimulation of milk productio7i, probably because 
of the presence of the by-])roducts of fermentation mcTi- 
tioned above. Purthennore, it is well suited to the fat- 
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tc-niiig of oiittle, chiefly of beeves, though sheep, which are 
accustomed to fodder coiitaiuiiig less watei-, do aot a))i)ear 
to thrive so well when fed on wash. (fonse<iuently, it 
should he used primarily for the feeding of dairy cattl*; 
and the fattening of beeves. 

It is of the greatest iniiiortanco that the wash he fed to 
the animals in a warm condition, under certain ciimmi- 
stances cooked tlioroiigliiy under pressure hefoii'liand; 
for otlieiAvise, an un])leasant sickness, wash malanders, 
may appear, esjxH'ially if (lie fermentation of the masli 
was a poor one. in column ilistilling a])[>aratus the cook¬ 
ing is not always snfiiciently carried out; in this case it is 
advisable suhseipicntly to cook this wash under i>ressnr(‘ in 
the montejus. It is h(‘st to introduce a steam )ii}>e into 
the Avash container to r(‘tard cooling to temperatures 
I'ax’oiahle to the deveto])ment of injurious s(‘hizom\’cetes, 
and to ho able to inti-odnce th(‘ Avash into the feeding 
mangel's at (he highest possible' temperature. l\'ith the 
ohs<'rAance of these regulations, the wash is not only a 
safe I’ood, hut ex'en an ('xti'emely healthful on<‘ if certain 
limitations in (1 k‘ size of the rations are ohserved, in 
onler not to hui'den (he animal organism Avitli too huge a 
(piantity of watei’. It has been shown that the feed per 
head of large cattle should he about as folloAVs: for fat¬ 
tening beeves, at the most 17t^. to IHi^, gallons, ]ueferably 
1,1 to 17' 2 gallons, ami for dairy cattle at the most l.t, and 
lireferably 10 to gallons of Avash. 

Slu'cp should not be f(>d more' than 1 to 1 'J gallons of 
AATish ])('r head. Particular can' should be e.vercised in 
feeding Avash to young cattle and bearing cows. Idle in¬ 
jurious action of injudicious Avash feeding in the hatter 
case a]ipears frecpiently in the dying of the calves, fol¬ 
lowed hy the great decrease in tlie dairy value of coavs fed 
with A\msh. In large industrial distilleries where it is 
not possible to feed the Avash to cattle in a fresh condition. 
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“dry wash” is produced l)y drying out the water from 
ll]e same, "file following table gives the coin])osition of 
dry wasli from lye and com I'cspectively; 


W;iter . 

Raw i)ioteiu . 

Pure i)roteiii. 

Put .. 

Non-nitroBenouK extiaotive substunVes 

Fibers . 

Ash . 


Per cent. 
ni.tiO 
2 : 1.10 

19.70 
0.10 

42.70 
10 20 

7.20 


Per cent. 
9.40 

2;!.21 

22.29 

8.03 

4.0.03 

9.31 

4.42 


1 his dry wasli, esiieeially that prepared from corn, thus 
prox ides jui e.xcelleut and powerful fodder, with a protein 
content of 23 to 24 per cent and ti tat content of (i to 8 I/. 
per emit, and almost approaches the composition of oil 
cake, in jilace of which, as a fodder, it is often employed. 










PART XIV. 

THE DENATURINO OF ALCOHOL. 

I_THE PURPOSE OF DENATURING. 

D ISTIIjLEU ajiirits wlien used as a beverage have 
been eoiitiiiuously subject to taxation iii this 
country since bStil. ddic revenue doriv(‘d tbere- 
I'rom lias b(“en enonnons, and tlie continuance of the tax 
lias been a matter of necessity, especially since it is a just 

OlHX 

Blit on the other band the tax and the coiis(‘<iuent high 
jirice of alcohol havc^ hindered its jnojier use in the arts 
and inamifaclures, and in this resjiect the tax has been un¬ 
necessary and unjust. It has, nevertheless, been continued 
b(‘cause of the erroneous suiijiosition tliat it was impos¬ 
sible 1o legislate so as to retain the necessary revenue- 
bi'aring tax on sjiirituous bc'verages without serious danger 
of fraud and reduction of revenms caused by the illicit 
direct use as a lieverage of tax-fr(‘e alcohol, or of that 
recovered from articles in which it would be lawfully and 
fairly used duty free. 

ft is to overcome this difficulty that Congress by act of 
dune 7, f!)0(i, ]irovided for the withdrawal from bond of 
tax-free aleohol, wbicb had been mixed with suitable ma¬ 
terials to destroy its character as a beverage, such iiro- 
eess being known as denaturizing, or denaturing as it 
is to be called in this countiy. 

In ordei' to make this act effective, cei'tain “Kegula- 
tions and Instructions (Concerning Denatured Alcohol” 
have been jueiiared by the Commissionm’ of Intmaial Rev¬ 
enue, aeting under instructions from Congress, which are 
given intact in the appendix of this book. There follow’s 
here the sections describing the denaturing agents, and 
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for sake of eoini>ari.soii and suggestion, a synopsis of those 
used in other countries. 

Il.-DENATURINQ REGULATIONS. 

1. -United States. 

a. Coiiiplcfrlif Denatured Alcohol. 

“Sec. 2(>. Unless otherwise especially provided, llie 
agents used foi- denaturing alcohol witlidrawn from bond 
for denaturing ])ur(i()ses shall consist of methyl alcohol and 
benzine in the following proportions: To every one hun¬ 
dred parts by volume of ethyl ah'ohol of the desired ])roof 
(not less than 180 ) Iheie shall he ten parts liy r-olume of 
ai>i)ioved undliyl alcohol and one-half of one ])art ))y vol¬ 
ume of aiijirovi'd hemzine; for example, to every 100 gal¬ 
lons of ethyl alcohol (of not less than 180 degree's proof) 
there shall he added 10 gallons of ap]U'oved methyl al 
cohol and gallon of approved benzine. Alcohol thus 
denatured shall he classed as completely denatuii'd al¬ 
cohol. 

“i\r(*thyl alcoliol and henziiu' iiitemh'd for use as dena 
tuiants must hi* submitted for chemical test and must eon- 
i’orm to the specifications which shall he hereafter duly 
prescribed.” 

b. Special Denatnrants. 

‘‘See. 79. As the agents adapted to and adopted for use 
in complete denaturation render the alcohol denatured un¬ 
fit for use in many industries in which ethyl alcohol, with¬ 
drawn free of tax, can he ])rofitahly em|)loyed, therefore, 
in order to give full scope to the operation of the law, 
s])ecial denaturants will lie authorized when absolutely 
nccessai’XL Tot the strictest survi'illance must he ex'oi'cised 
in the handling of alcohol incompletely or specially de¬ 
natured.” 

“Sec. 80. The ('oinmissioner of Internal Kevenue will 
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consider any formula for special denaturation that may he 
submitted hy any manufacturer in any art or industry and 
will determine (1) whether or not tlie manufacture in 
whicli it is 2 )roposed to use tlie alcohol heiongs to a class 
in wlticli ta.\-fre(; alcohol withdiawn und(*i- the jirovisions 
of this act can he used, (2 ) whetlier or not it is 2 )racticahle 
to jiermit the use of the ])roposed dcnalurant and at the 
same time ]»roj)erly safeguard the revenue. But one spe¬ 
cial dcnaturant will Ix! authorized for tin- same class of 
industries, unless it shall lx- shown that there is good 
reason for ailditional sptx-ial dcnaturants. 

“d'lic (VnnmissioTKM' will annonnce from time to time 
file formulas of dcnaturants that will he iiermitted in tlie 
se\eral ('lasses of industries in which tax-free alcoliol can 
be used.” 

2.—Germany. 

a. Coniph'lr DciKtiKriiiff. 

1 . i\n admixture with (wmy 100 ]iarts hy volume of 
spud, of L’l.j [larts of a mixtiin' containing 4 ])arts of 
W(xxl naphtha and 1 jiart of jiyridint' base's, (d'o this 
mixture O.OOt!.') jiart of lavcmk'r or rosemary oil may be 
add(‘(l 02 )tionally to counlmact tin' smell of the pyridine 
bases. J>nt the addition is seldom made.) Sjiirit thus 
denatured is what is used for domestic jmrjioscs- heating, 
lighting and cooking. It is seldom used for industrial 
purposes. Tlu' only purpose of that kind for wliich its 
employment is considei'able is tlu' manufacture of clieai) 
varnish. 

2. An admixture with the spirit of half the (Quantity 
(viz., 1 (/i parts ix'r ]()() parts of s])irit) of the above dena¬ 
turing mixture, together with an addition of one-fourth 
part of a solution of methyl violet dye and of benzene in 
(juantities that may range from 2 to 20 parts to every 100 
parts of sjiirit. 
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b. Incomplete Denaturing. 

The addition to every TOO parts of spirit of either 5 
parts of wood naphtlia or jiart of pyridine bases. 

c. Special Deiiatuniiit.s. 

The quantities of tlie denaturing agents referred to be¬ 
low are to he added to each 100 jiarts of alcohol. 

1. For the^ pjoduction of hrewei's’ varnish and sim¬ 
ilar substances: 20 parts by volume of a shellac solution, 
which is made by adding 1 part by weight of shellac to 2 
parts by weight of sjiirit of at least 90 degrees, are added 
to the s})irit. 

In this case the alcoliol in the shellac solution, if made 
under official supervision, is also allowed exemption from 
duty. 

2. For the ])roduetion of celluloid and ])egamoid: 80 
parts by weight of camjihor, or 2 parts of turj)oritine or ^4 
part of benzene, both by volume. 

For the production of the following substances: 

(a) Fthci’, ordinary (with certain limitations and regu¬ 
lations as to sale and use); (b) ethyl suliiliuric, salts; (c) 
agaricin, ])odophyllin, scammony, guiacum and jalap 
resins, as well as other resins and gum resins; (d) alde¬ 
hyde and ]>araldehyde; (e| white lead and ac<>tated lead; 
(f) ethj'l ehloi’ide, bromide and iodide; (g) photogra])hic 
paper and dry i)lates, and emulsions of chloride, bromide 
and iodide of silver and similar ])ieparations; (h) chloral 
hydrate; (i) electrodes for electric storage battei ies; (j) 
acetic other (with certain limitations as to sale and use); 
(k) glucosides; (1) lubber ])reparations; (rn) collodion, 
and bromide, chloride and iodide of silver emulsions of 
collodion; (n) pancrcatin, alkaloids, santonin, tannin, and 
salicylic acid and its salts; (o) coal tar colors, including 
substances used in obtaining them, and intennediate pro- 
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ducts; (p) clieiiiical preparations (not otlierwise named) 
wliioli do not I'etain any sjiirit when finished (except for¬ 
mic ether and valerianic! ether and butyric ether): Id 
])arts of sul]>liurie etlier, or 1 part of benzeme, or (/. part of 
tur]ientine, or 0.025 part animal oil, all by volume. 

(’ollodion for sale must contain at least I-lOO of its 
weight of gun-cotton. 

4. For the' ])r<'paration of chloroform: 0.003 part bj" 
weight of chloroform. 

5. For th(> production of vinegar: Two hundred ])arts 
by volume of vinegar containing 3 ))er c-ent acetic acid, 
oi' 150 jjai'ts vinegar containing 4 per (‘cnt ac‘eti<‘ acid, or 
100 i)arts vinegjir containing (i ]»er cent acchic ac'id and 
100 ])arts of water and so on; or 50 parts vinegar contain¬ 
ing 12 i)er cent acetic acid and 100 parts of water; ot' 30 
])art.s vinegar containing 0 i>er cent acidic acid and 70 
jiarts of water, and 100 jearts of water. 

Any excc'ss of the cpiantity of acidic* acid in the vine¬ 
gar mixtnie or of the spirit is to be allowed for, and 
the i\'.iter may Ik* replaced entirely or in part by an equal 
<iuantity of beer, glattwasser, or natural wine. 

(). For making inks, .sealing wax and stamping inks: 
0.5 part by volume of turpentine, or 0.025 jiart of animal 
oil. 

7. For making bedstead enamels and brewers’ varnish, 
as well as for use in incandescent lamps, for fini.shing silk 
ribbons and for eleausing jewelry, etc.: Five-tenths part 
of tur])entine. 

S. For making iodoform : 0.002 jiart by weight of iodo- 
foiin. 

d’ho iodoform may be dissolved in part of the spirit, and 
the solution then added to the remainder of the spirit. 

t>. For varnishes and polishes of all kinds: Two ]iarts 
by volume of wood siiirit and 2 parts petroleum benzine, 
oi‘ 0.5 jiart of turiientine. 
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Polishes and varnishos not for use in the works of the 
makers, but for sale, must contain at least 1-10 i)art of 
their weiglit of slieliae or othei' resin. 

10. For prejiarins medical, botanical and zoological 
pre])arations for educational imrposes: One ])art (com¬ 
mercially pure) methyl alcohol, and 1 pait petroleum 
benziiK'. 

11. Soap makinjif: 1 i/i [larts by weight of castor (jil 
and 0.0l!."> part of soda solution. 

The denaturing materials may be dissolved by heating 
in |)art of the spirit, and the solution tlum added to the 
rejiiainder of the s])irit. 

13. For th(> ]iroduciion of wool fat (lanolin); Five 
jiarts by volume of i>etroleuin benzine. 

3.—England. 

a. ('oiH/ilcIc 

Comiiletely denatured alcohol is known as “inineializc'd 
methylated spirit” and it is only in this siiirit that re¬ 
tailers are permitted to deal. It is made by adding to !) 
parts of grain alcohol (which must be at l(*ast .bO y)ei‘ cent 
above ]iroof) 1 part of wood najihtha. To this mi.vtui-e 
is added 0.375 per cent of mineral naphtha (petroleum). 

b. hicomplcie Deiidturinr/. 

This is known as ordinary methylated spirits, and can 
l>e ])urchased only for manufacturing oi)erations and from 
a methylator. Tt consists of 9 parts of grain alcohol to 1 
of mineral naphtha as above. 

c. Special Denataraiit.s. 

Special processes apiirojiriate to [larticular industries 
and approved by the Board of Inland Revenue. 
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4.—France. 

a. Complete Bemituriug. 

The official denaturant at the present time is 10 parts 
of metliyl spirit and 0.5 [)art of standard benzine, wliich 
are to he added to every 100 parts of grain aleohoJ. 'fiiis 
latter must test at least 1)0 degrees strcuigth and not con¬ 
tain more than 10 ])er cent of essential oils, amyl alcohol, 
etc. The methyl si)irit must test 90 aleoliolometrie degrees 
and must contain 25 per cent of acetone and 5 ])er cent 
]>yroligneons impurities wliieli impart a pungent smoky 
odor to the sjiiiits. The standard benzine is a distillate 
from (‘oal tar coming over between 300° and 325° F. 
Tlierefore, it is a eomi)]ex body, but is always of al)out the 
same com])Osition. 

h. Incomplete DeiKitnriiu/. 

Fnder this head may he classed the so-called earlmroted 
alcohol, which is now used extensively for internal eomhus- 
tio'i motors. In this, 30 to 50 pei' cent of henziiu' is mixed 
with grain alef)hol, which mixture is found to give the 
best results in automobiles, small motors, etc. 

c. Special Denotnratits. 

1. Varnishes anti Dyes (Tineinres) for Varn ishes. 

Mix with alcohol of 90° or above, at the tcmjierature of 
150" F. (without correction), 15 per ccuit of methyl spirit 
conformable to the regulation tyjte. 

Alcohols for the Clarification or for the Finishing of Varnishes. 

Mix with the alcohol of a strength equal or sui)erior to 
90°, 15 ))er cent of regulation inethyl spirit and 4 per cent 
at least of resin or of gum resin. 



350 


INDXTSTRTAI. ALCOHOL, 


3, Inseot Destroyer. 

Mix witii nlcoliol 15 ])er cent of methyl spirit. Tlie 
product of the mixture shall he transfonned on the place 
into a finished product. 

or Compound Ethers, 

Make an intimate mixture of (he alcohol to be methyl¬ 
ated with 10 per cent of its volume of residue of ether. 


. 7 . liiomJiydric Ether. 

^lix 7.5 parts hy volume of sjiirit of 9,3° with 8.5 [larts 
of sidphuri(‘ acid ot (KJ aiul 0.015 jiart of hromine, with 
allowunice to modify thi.s proportion to the extent of 10 to 
15 per cent. 

G. Jiydriodiv Ether. 

Mix 5 ])arts by weij>ht of spirit at 90°, 4 parts of iodine, 
and 0.8 ])art of amorphous phosphorus. 


7 . Ethylate of i^oda. 


Mix C..3 parts by weight of absolute alcohol and O.ii i)art 
of sodium. 


X. Xilne Ether. 


JNlix one part by weight of nitric acid of .36° and four- 
parts of alcohol of 96°. 


ff. Chlorhydric. Ether and Derivatwes. 


Mix etpial weights of alcohol of 90° 
acid of 21°. 


JO. Aldehyde. 


and hydrochloric 


Mix with alcohol of whatever degree 10 ])er cent of sul- 
l<huric acid of ()6° Baume, or 20 per cent suli)huric acid of 
;54°, taking care that the temperature of the mixture he 
brought up to 176° F. during the longest time that it will 
be possible for the officials to give to it. 
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Pour the mixture over bichromate of potassium (wliich 
should bo exclusively employed as oxidaut) after the ris¬ 
ing of tlie temperature which is produced has completely 
ceased. 

//. Alcohols for fhr Use of Dyers or of Manufacturers of Colors, and 
Methylated by These Tradesmen. 

Add to the alcohol 15 i)cr cent of its volume of methy¬ 
lene conl’oi'inablc to the iT“gnlation type. 'I'Ik' |)ro(luc,t of 
tlie mixture is to he used in the factory where the mix¬ 
ture has been made, for dyeing or for tlie manufacture of 
coloT's. Ft can not l)e admitted to circulation outside the 
factory. 

ti. Tannins and Dijoent Alkaloids. 

Add to the alcohol 15 per ciuit of its volume of methyl 
spirit (‘onformable to the regulation type. 'I’hi' product of 
this mixture shall be transformed on the jdace into fin¬ 
ished products. 

/,f. Fulminalr of Mercury. 

Mix previously alcohol with 15 ])er cent of its volume of 
wood sjiirit conforniahle to the regulation type. 

/}. Alcolidls for Lii/Jitiuy and far Ucahny. 

To lt)() parts by volume of ah'ohol of ill)’ add (1) 15 
jiarts of methyl s|)irit, (2) 0.5 part of heavy benzine, and 
(3) 0.001)01 part of gueeii malachite. 

A7. Transparent Hoops. 

Mix with the alcohol 15 ])er cent of wood spirit con- 
fonnable to tlu' type. 

'Phese mixtures shall be employed on the iilace; they 
ar(‘ not to be cii'culated outside of the establishment where 
they have been made. 
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IG. Chloral and Chloral Hvctrate. 

Let pass over the .alcohol a current of chlorine gas, 
which from the fiist moments on tletennines the forma¬ 
tion of numerous products by which the production of the 
cliloral is accompanied—aldehyde, chlorhydric acid, 
chlorhydric etlier, etc. The manufacturer shall produce 
for each ]iart of alcohol of 95° a quantity of chlorhydrate, 
which shall not be less than 0.78 part. 

11. ColJodioyi. 

Mix the alcohol with its volume of ether; add to the 
mixture the pyroxylin, and, in case the use of the collwlion 
is to he immediate, the iodures, bromures, etc., which trans¬ 
form it into a commercial ])ioduct. 

JS. Liquid Rennet. 

The alcohol emjiloyed for the manufacture of liquid 
rennet can be considered as sulliciently methylated by its 
dilution with brine, u])on condition that the alcoholii* de¬ 
gree of this dilution <loes not exi'ced 10°. In default of 
this ))rocess, or of an analogous process, the methylation 
should be effected by the addition of 15 i>er cent of methyl 
spirit. 

5.—Sweden. 

The common denaturing agent is conqiosed of 10 parts 
of wood siiirit and 'A i»arts of i)yridinc bases, d’he wood 
spirit must contain more than 00 ])er cent acetone and 
not less than 1 per cent or more than 11 •; IX'r cent of sub¬ 
stances that decolorize bromine solution. 



PART XV. 

ALCOHOL FOR THE PRODUCTION OF POWER. 

T he iis(‘ of alcoljol as a motor fuel, that is, as the 
explosive af?eiit in an internal eoinhnstion motor, is 
a i)urely nuxlern development of eiif^ineei inf; pi ae- 
ti<'e. Until 1(S!)7 the attem])ted utilization of S[)irit for 
tlie prodiu'tion of motiv'e ])ower was attended with very 
little sneeess, owing to ignorance of the conditions best 
suited to elTective opei'alion. Among the first to demon- 
si rate the feasibility of the spirit as a fuel was Itingel- 
mann, who made an extensive series of investigations at the 
Kx|)erimeidal ilechanical Ljd)orat()ry of Paris. During the 
past decade many prominent cngineei's, ])articularly in 
Uermany and France, have vigorously ))rosecutcd re¬ 
search work along similar lines, and, together with cxiteri- 
menters in t)racticc, have thoroughly demonstrated that 
alc(.hol, wdien produced cheaply, can l)e use<l with dis¬ 
tinguished success ill internal combustion engines. As a 
fuel, spirit jiossesses many adxantagcs ov(*r its more dan¬ 
gerous competitor, gasolene. It may be said in general, 
that as a pow('r-|)rodn(‘er ah'ohol is litth' inferior to tlie 
latter, though it must b(‘ conceded that with present ex- 
]ilosi\’e motor ilesigns and the means at hand, it is more 
difficult to start an engine using alcohol than one using 
gasolene. It may Ih> said xvilh truth, howex’er, that this 
difficulty will doiibth'ss soon be ovm'come, for once the 
engiiK’ builder is givmi the incentivi' to ])erfect the design 
in this regard, he will soon accomiilish tlie )iroduction of 
an engin(‘ in which tliis disadvantage is avaiitled. 

vUcohol is un(|uestionably less dangmous to use than 
gasolene, which is so terribly inflammable that laws for¬ 
bidding its sale or even decanting after nightfall are in 

a,!:! 



354 


INDXTSTKIAL ALCOHOL, 


force tliroughout tlie countiy. Burning gasolene cannot 
be put out by means of water, as tlie oil floats upon tbe 
latter, wliicli but tends to spread and increase the flames. 
Alcolml, on tbe other band, being miscible with water in 
all degrees, can, when ignited, be instantly (luencbed by 
meajis of watei-. \^atb alcohol, too, there is no need for 
a law' ])reventing its handling, decanted, after dark, ddie 
vapor of alcohol is not inflammable unless closely con¬ 
fined, and naked lights can be used about an alcohol en¬ 
gine with impunity. 'I'he oidy dangei' from a leak lies in 
the loss of the alcohol, or in the possibility of a slow fire, 
which can be put out easily, shoidd a tlame come into actual 
contact with the li([uid. The (kIoi-, arising from the ex¬ 
haust gases of a gasolene engine ar e unpleasant, to say the 
least, and in this feature, too, alcohol is far su])erior to the 
other fuel in that the odors which result fi'om its combus¬ 
tion are almost imjK'i'ceijtible, and, when notice<l not un- 
])leasant. Of course, there is the ])ossibility that the de¬ 
naturing agent may cause an unpleasant smell to arise 
from the combustion of the alcohol, though, ])ractieally, 
little need be ap])reheiKled in this regard. Cleanliness of 
combustion is an extremely attractive feature in the use 
of alcohol. Cylinders and valves aie not clogged by lesi- 
dual products, and it would api)ear that a better two-cycle 
engine could be designed for alcohol tlian for gasolene, be¬ 
cause of the cleaner coird)ustion of the former. 

The Cennan, French, Austrian, Itussian, and other 
Furopean governments have given every encouragement 
to investigators in order to extend the field of the utility 
of alcohol in this, as well as in other din'ctions. .Alcohol 
expositions are held annually and prizes are given for 
special researches tending to increase existing knowledge 
of effective methods of utilization. Fiider the influence 
of careful sui) 0 i'vision, and with the aid of scientific^ meth¬ 
ods, these researches have borne results of great imjcort- 
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ance in the development of the use of alcohol as a fuel. 
Klionld our own government find it jiossihle to jiursue a 
like plan the results would unquesliona))ly he similarly 
gratifying on this side of the Atlantic, and the idea would 
doubtless he heartily recommended by men in s<“ientific 
and ongineering circles throughout the country. 

Naturally enough, the United Htates has |)layed no part 
in the engineering and commercial develoinncnt of alcohol 
as a fuel; for the prohibitive ta.x with which the spirit 
has hitherto been bui'dened rendered its ap])licatiou to 
motor ai)plianees impossible, ami so, while our Kuroiiean 
eonipetitors have been ])rogressiug with rapid strides in 
tliis field of endeavor, our only advances along similar 
lines have been the profit we have drawn from foreign in¬ 
vestigations. Until lately even our literature upon the 
subject has been marked by the conspicuous absence of 
practical data. We have been de]iendent upon the inves¬ 
tigations of UuroiK'an engineers for information regard¬ 
ing alcohol motors, that is, engines in which alcohol can 
he aiilized. Our manufacturers are hardly iirepai'cd to 
fill a possible demand for tliis type of motor, and our en¬ 
gineers can scarcely b(‘ saiil to possess the jiraetieal knowd- 
edge necessaiy for tlu* most economical and efficient op¬ 
eration of these engines. As mentioned before, the re- 
seandies of foreign engineers, ]>articularly of the (ler- 
inans, are, of course, available, hut it is e.xtremely difficult 
to draw jiroper deductions from arbitrary sets of figures 
representing efficieiu'ios or comparative economic values, 
without a full knowledge of the conditions under which 
these tests were made. 

This state of affairs, of course, e.xists in the ease of 
any similar motor element, and it is generally acknowl¬ 
edged that the results of carefully executed scientific tests 
are often valueless in jiractice, because the conditions 
under which the tests were carried out are .seldom du])li- 



.*’;')() jKDUSTinArj aix'oiiol 

cfited at other times, h’or instance, it is geuei'ally ac- 
eej)te<l in regard to gasolene engines that an eeononiieal 
motor will hum about a i)int of gasolene per hour per 
horse ])ower. Certain (uigines reipiiie as little as 8/10 oi' 
a ])int, though with ))oor valve sthtiug, imi)i'oper fuel, or 
umh r other uniavoiable eireumstances, the amount can 
(■asily be run up to or 4 pints jier houi’ ])er horse-power. 
In eom])aiative tests one engine ma.\’ Ik* running undei' 
the eireumstances best suit(‘d to it, while the otluu' may 
be operating under eomlitions which are decidedly un- 
favoiable to its best jierformaiu'e. 4dius, unless we are 
tlioroughly familiar with all th(' circumstances and con¬ 
ditions under which tests wcu'c can icd out. it is w’ith cau¬ 
tion that we must accej)! arbiti'aiy values in regard to tin* 
compaiativ(‘ efficiency of gasoleiu’ and ah-ohol engines. 

^riiis much, howevei’, can bc' said with r(>gard to the lat¬ 
ter: (liven the spiiit at anything like the juice claimed 
by its advocates, and alcohol w'ill ju’ovide us with a fuel 
|)eculiarly w'cll adajited foi- many cases of small j)ower 
I)roduction. Whih' we cannot <piestion that the high <>ffi- 
ciencies obtained by certain investigators are jiossible, w'e 
cannot know whether they are obtainable in ju'actice. 
Doubtless, howe\'er, it will be J'ound that alcohol is little 
inferior to gasohuie, so that, if cheai>ly ])roduced, it can 
1)0 used to advantage for certain motor juirjxjses, the 
ejitire (pjestion dex’olving xijx)!) wlx'ther or not it is i)os- 
sible to obtain the fuel at low <ux)ugh cost. 4’o utilize it 
to the best advantage in exjilosive engines, sjxx-ial mot¬ 
ors will have to be jiroducixl, notwithstanding that it has 
been shown in forc'ign j)ra(‘tic(“ that tlx' same ( iigine can 
use eithei' alcohol or gasolene wuthout losses as great as 
it has sometimes bc'cn alleged. "I'lie sjx'cially constructexi 
engiiu' is the juojx'r agent to use for high economy, and 
its de\-( lot)ment wall doubtless soon follow^ tlie wid(>r use 
of the alcohol fuel. 'I'he real gain in using alcohol is ulti- 
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iniit(*ly in tlio lact tliat it is the Dni])loynK‘nt of inatoiial 
wliicli can he re|)ro<lii<*e<l in the (‘yele of the seasons, in¬ 
stead of dia\vinf>' 11)1011 llii' stored energy of tlu' earth, 
wliicli is so rai)idl\- tii'ing dejileted. Alcolioi jiossesses 
another great advanlagi’ in tliat the e\|ilosi\'e mixture can 
III' used under far higlier eoinpression, without anto-igni- 
tion, than gasolene, an ex'iilosive mixture of wliieli will not 
stand high eomiiression. 'fhat this fact is of im|)ortanee 
in diminishing the el'feetiveness of the latter fiu'l is well 
known. d'h<* alcohol ex|ilosive mixture will stand a far 
higher <U‘gree of eom|iression, and when the alcohol is 
h.edrati'd th(‘ eomiiression can he carried still fuillu-r, so 
that a vmv large ]ierccntage of th(‘ hi'at energy of the 
jioorer mixtiiri' is converted into nsefnl work. 

It has heen assni'ned, iiartimilaiiy hy engintH'rs not es 
)iecially familiar with the fuel action of alcohol, that it 
was far less economical for motive ])nr))oses than gaso¬ 
lene, hecanse of its lower thermal etl[icienc>'. However, 
it has heen |)roven that alcohol inixisi with water is 
a better fuel than iiuri' alcohol, and this fact thoroughly 
suhstantiates the view that tlu' fuel which has a lowm- 
thennal efficiency may sometini(>s he* as effective in use 
as one of higher thermal value. In )iraclice, it is the 
numher of heat units con\’crted into useful mechanical 
work, and not the total numher of heat units availahle, 
which detmniines tlu' value ol’ a fuel. 3'h(' thermal effi¬ 
ciency of ex))losiv(' motors increases with th(“ dei'rcasi' of 
1em|ieratur(> |)rorluc(‘d hy tlie cxiilosion, jirovided tiie ex- 
|iiosive jui'ssuie remains constant. .Kotwithstanding that 
this theory has heen com|ilct(‘l\’ dcmonstrafcal hy <‘X))eri- 
ments, it would aiipear erioneous, as heat is tlu' o'igin of 
I'owcr, and it would seem that with a lower tiunneraturi' 
the |»ow'er must also he reduced. 'I’he anomaly is a|)|>ar- 
ent only in the casi* of an ex|ilosion motor working on 
wliat may he called a su)>erheat('d cych*. 
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In conclusion, we may sum up the advantages of al- 
coliol for fuel ])urposes as follows: First, freetiom from 
danger; secondly, absence of disagreeable odors; thirdly, 
capability of high com])ression; fourthly, low initial heal 
and discharge of exhaust gases at relatively low tem])ora- 
tures; fifthly, character of the exi)losion, which is less 
sudden and mort^ prolonged; sixthly, more perfect igni¬ 
tion and combustion. 

As little is known regarding the arrangement of the 
atoms entering into the comiiosition of alcohol, it is im- 
7 )ossible aciMirately to compute the heat value from the 
chemical comjRisition, and therefore recourse must bo had 
to the calorimeter. Vaiious ex})erimenters have found the 
heat value of alcohol to lie between 13,.310 B. T. II. and 
B. T. U. jier iiound, the latter value being the one 
most generally used. One gallon of ])ure alcohol having 
a sjiecific gravity of 0.7040 at .hi)° F., has a corresponding 
lieat value of 77,274 B. T. U. In accordance with the 
chemical comjwsition, I ])ound of absolute or 100 per cent 
alcohol requires 0 ])ounds of air, or 111.5 cubic feet at 02’ 
F. for complete combustion. The heating values of com¬ 
mercial ah'ohols are almost ahvays lower than that of 
absolute alcohol, as watei’ in greater or less ((uanlity is 
generally mixed whtli the ordinary s])iT'it obtainable. 'I’he 
heating values vary from 10,HS0 B. "f. II. for 5)5 per cent 
alcohol, having a siiecifie gravity of 0.805, to 7,200 B. 4'. 
IT. for 70 jier cent alcohol having a specific gravity of 
0.850. 

Benzene, (I-, II,„ which enters largely into denaturing 
methods, is often mixed w'ith alcohol in lai'gei' (|uantities 
III order to increase the heating x’alne of tlu' fu(‘l mixtui'e. 
Benzene has a s])ccific gravity of 0.800 and a heating value 
of about 17,200 B. T. T’’. jier pound. From 10 to 40 per 
cent of the benzem* is sonuhimes employed, thus raising 
the heat value of the fuel, and at the same time decreasing 
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the cost per heat unit, that is, the spe<'ifi(‘ heat cost. If 
the coinbustion of alcohol is effwted witli insufficient air 
.sii])])ly, acetic acid is formed amoiif? tlic i)roducts of com- 
hustion, and this causes rusting of tlic engine i)ai ts. Wliile 
this danger can easily he avoided hy pi'oviding the 7 icces- 
saiy air, it is an additional safeguaid to use honzene mi.xed 
witli the alcohol, benzene, however, posse.'-.ses a disad¬ 
vantage in that its use sacritices to sonn* extent the ad- 
\antagos j)ossessed by the alcohol in its odorless exhaust. 

I.-COMPARATIVU EFFICIKNCIIZS OF OASOLKNK, KFROSENH, 
AND ALCOHOL MOTORS. 

'I’lie values given below are the results of tests made by 
Plot, biiigen Meyer foi' the (Jerman Agricultural So- 
<‘i('ly. While' tli*' results obtained were unilormly excel¬ 
lent they have doubtless been Ixdtered since by im¬ 
provements in the d(*sign of tli(> motors, especially with 
K'gard to inci'eased compression. In the com))aralive effi¬ 
ciency and cost values deduced by M(>yer, he as.sumed the 
a\eiage ]irice of gasolene to be 15 cents per gallon, and 
that of kerr).se7ie, 13 eeiits. 'Pile (‘onditions to-day are ma- 
leiially changed, and it is practically impossibU' to obtain 
small (piantities of good gasolene for less than 30 cents, 
and fuT’thennore, because' of the increasing demand, the 
price* is e-eenstantly rising. 'Phis weeulel tenel te) make the 
use e)f ale-eehe)! still meu’c faveerable. On the other hand, 
Meyer’s assumjitieeTi that ale'ohe)! e'oulel be setlel feer 15 cents 
a galleui, weeulel most assiireelly imt apjely tee the United 
States; for the epiestion of cost is lie'ie still an eepen erne, 
anel it is still doubttld whethe*i’ it will be jeossible to place 
fue*l ale-e)he>l upon the* market at le'ss than 20 cents. As a 
matter of fae-t, in (Jermany to-elay, the prie'e eef ale’ohol is 
2!) e'cnts ])er galleen. Peei- purjieesevs eef c()m])arison, how- 
e*ve*r, the values give'ii may be use'el, but, as we are un¬ 
familiar with the cii'e*umstane*e‘s anel e'onditions uneler 
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wltic'Ii the tests wei'e ean ied out wo cannot say wlietlier or 
not these peil'oniiances can unifonnly he iei)eatecl in ))iae- 
tiee. 

At tlie fuel costs assniued, the followinfi; table gives 
the cost, in cents, foi‘ 10,000 H. T. U. with each of the three 
fuels. 


Fni'l. 

|>C 1 pOllIHl. , 

i>er 

(illllOIl, 

Cost |n*r 
Poiuul. 

i 

i Spi'ciHt' 
i tJriixity. 

Co'-t of 
KUKK) 

R T. U. 


n. T. V. 

CenO, 

C('nt<. 


Cfiits. 


HVHM) 

|.S,500 

lo.O 

2.57 

0.710 

1.55 

Kerosene. 

l-S.O 

1 .W 

0.H(»0 

^ 1.02 

Alcohol, 90 per cent 

lO.OSO 

15.0 


0.,M15 

C.19 


It can he seem from 1h(‘ above that 10,000 Ft. '1'. IF. from 
alcohol are much more e\))eTisive than the corresjiond- 
ing values foi' gasolene and kerosene. Jn order to e<|ual 
in cost of opeiation that of the other fiu'ls, the thermal 
t'fficiency of the alcohol engine must he l.till times as great 
as that of gasolene', and iMFi times as great as that of 
the kerosene engine, all other losses being the same. The 
tln'nnal hiake (‘fticiencies given in tin' tabk' Ix'low are tlu; 
best figures obtained by Diesel in lOO.'l for gasolene and 
keiosene engines, allowanct' being made for impi'ovements 
in engine constiaictioTi and fuel utilization since that time. 
Diesel’s figures for the gasolene ('iigiiK' and the kerosene 
engim* were respectively 20.5 jier cent and 17.<) per cent, 
TIh' best figure obtained by .Meyer in 1002 for thermal 
elliciency in the competitive tests of ten alcohol engines, 
was that of the Deutz engin<>, .‘!1.7 per eent. Tn this case 
the end com])ression was 100 ]K)unds ])er scpiare inch, while 
that of the explosion exceeded 450 jiounds. d’hough it 
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is possible to increase even this IukIi efficieney Ijy the 
nse of still Iiif>;lier degrees of compression, it is not advis¬ 
able to introduce tbcni into average [iractice, as extremely 
liigii compr(>ssion remders the engine unproportionately 
sensitive (o impro)»er setting of (lie inlet valve. Under 
tlies(‘ conditions (he maintenance and care of (he engine is 
rendeied far moi e difticult, and even with the best of care 
mrsteady and eiiatic operation is liable to misne. Ben- 
Z( tu' and ah'ohol mixtures ar<> m/t taken into consideia- 
tion, as, in general, the thermal elliciemaes approximate 
those of alcohol alone, d’he use oJ much benzene is not 
to be recommended, as it tends to foul the engiiu*. ddie fol¬ 
lowing table gives (he eeonom>’ and (‘ost figures deduced 
from Meyer’s tests, d'hey are not to be regardeil, how- 
(‘ver, as detei'ininiTig with e.xactitmh' the comparative effi¬ 
ciency values of gasolene, kerosene, and alcohol; for, as 
mentioned abov(‘, it is hardly proper to (hdermiiu' such 
comparative rallies from sets of arbitrary figures, when* 
exact knowledge of the conditions obtaining is not at 
hand : 
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1 1,000 
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1 (»■-> 
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is.o 

1 l.l III 


Alcohol {)() ])or cent. 

! i.H» 

1 

o.No;{ 

HI 7 

s,o;{o 

i 

I 1.75S 


From the above (able it would ap)iear that the opera¬ 
tion w’ith alcohol, t)() per cent imri', costs 111 pi'r cent more 
than with gasolene, and about 22 pei’ cent more than with 
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kerosene, and, on the basis of the above computations, 90 
jjer cent alcohol would have to cost 12 cents a gallon to he 
on a par with gasolene. Thus wo see that ga.solcno is stilt 
in advance of alcohol as regards fuel <!Osts, hut it may bo 
said, that with the advancing price of the former, the de¬ 
creasing price, it is to be hoped, of the latter, and improve¬ 
ments in the design of alcohol eiigiiu's and the methorls of 
alcohol fuel utilization, the use of alcohol in motors will 
liecome far more general; for regardless of fuel cost it 
jtosstsses many advantages over gasolene for this ])uri)ose. 
^’his is the real reason why alcohol has found such ex¬ 
tended application in <*erlain hluroix^an countries, in spite 
of its somewhat greater operating cost. 

II.—THE ALCOHOL MOTOR. 

The alcohol engine does not differ materially in detail 
from the ordinary gasolene engine, and, as a matter of 
fact, any gasolene engine can run on alcohol and any alco¬ 
hol engine can be made to operate with gasolene, |)rovided 
pro|)er means be used for suitably making the Inel mix¬ 
ture in each case, 'flu* etticiency of o|)cration ot fdcobol 
engines can be materially incieased by increasing the com¬ 
pression, wiihin ])ro])er limits, 'flic ditferenc(“ in com- 
I)ression, and the difference in the vapoi izei- or carbureter 
are the main distinguishing features in the two types of 
motors. The latter difference is the one of gi'eater im- 
))ortan<'c. 

As so little has been done in this country with the (|ucs- 
tion of the develoi>m(mt of alcohol motors, we must turn 
to Euro])e for information regaiding the best ty])e of en¬ 
gine to be used. In fJermany, es])ecially, liave nundM>i-s 
of excellent motors been dev(doped, and the accompanying 
illustrations are of (Jennan engines of this type. As 
alcohol is less volatile than gasolene, though i)resenting 
less difficulty in this respect than kerosene, the agency of 
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lioat is used in iioai'Iy all of tlie vapoi'izinj^ devices now 
0)1 tlio niarket. As a rule, tlic cxliaust licat of tlie g:ascs 
of conibustion is utilized, tliougli Ibis mclbod ba.s the draw¬ 



back Hint tbc licat is not available at tlie st:irt. wlicn the 
engine is cold, and it lias been found in piactice to be al¬ 
most iniiiossible to start a cold engine on alcohol alone. 
In most cases tbc engines are sliirted with gasolene to 
iivoid the use of an open tlame to heat the vaporizer at the 
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start, as this is Iwtli dangerous and eundjersoine iVfter •. 
tew strokes with tlie gasolene mixture, <mough heat is 
a\ai a le tor tiie purpose of vaiiorizing tJie alcohol -iiid 
c-I.ange is usually effected by throx^'ng o^'m a 'hl.'lc 
exei. In most of the designs of tin's kind Imt a few mTn 
utes need elapse before tlie .-hangc to alcolml ran be ma.le 
It must be sanl, however, that the use of gasolene, cither 
to stait with or in a torch, brings with it the very disad- 



laast at the start, whi<.|, 

ai( objected to in this fuel. 

'riie vaporizers for alcoliol are snbstantiallv of three 
kvpes based upon the manner of heating. Thev comprise 
hist those ,n winch no heat is employed; secondiv, thos(> 
1 winch the air is ].re-heated; and lastly, those in whi.-h 
the mixture is healed and then superheated. 

The Deutz vaiiorizer with which siu'h exc(>llent results 
were_obta,ne<l ,n Meyer’s tests, is illustrate.l in Figs. 74 
and /o. Ihe eiigine is governed by throttling, the inlet 
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vtilvc f being actuated by levers and the cam a, ■wbich is 
of tajiei- form, with f undei’ the control of tJie governor. 
Till' duration of the time during wliicli (lie valve i.s 
('[len depends u])on llie ])osition of a. ddu’ cam also acts 
iH»on the idunger of tlu! fuel laim]) li, through the bell 



crank', e, <1, e, the action being one of suction dnrmg the 
fiisl |)avl of the movement, and of pumping the liquid 
during flic latter part. In eons(>(piene(' of this arrange¬ 
ment. the fuel is injected during the second half oidy of 
the suction strok(‘, tliereby insuring a rich mixture at the 
igniter. The current of air enters through the valve k 
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and is enriched by the alcohol which is forced throngh the 
atomizer i. Thus, tliere is no pre-heating notwithstanding 
the thoroughness of the atomization. I’o avoid throwing 
dov.m the vaiior, the ))orts of tlie cylinder are as direct 
and sliort as iiossihle. Jt has been found tliat no jire- 
Jieating of air or fuel mixture^ is ntvessary when tlie en¬ 
gine is regulated by the throttling methtKl instead of by 
the hit and miss systems, d’his is undoubtedly due to the 
fact that in the latter an engine under less than normal 
load is cooled at the cylinder during a succession of misses, 

so that jiart of the alcohol 
vapor on the next (‘xplosion 
is thrown down unless it is 
superheated. 

In the Altman vaporizer, 
shown in Fig. 76, the air is 
])re-heatc(l. .\ regulating 
valve for the air is provided 
at r, the air jiiix* a, h, being 
surrounded at its lower end 
by the exhaust ))ipe. d’he ar¬ 
rangement of the regulating 
vaJvci is such that wlien it is 
Fici. 77.— Dciaii. or Altman drawn ujiward the amount 
VAroiuzhu. |,.,ssing through 

it is decreased, but always in such a manner that 
the current strikes through the ujiper ]iart of the 
])i])e and is directed against the fuel nozzle d. The 
valve lever /, which operates the fuel valve d through a 
reach rod and the finger h, i, shown in Fig. 77, ojierates 
the inlet valve c. The lever /' is actuated by the cam I, 
through a pendulum hit and miss governor o, m, p. As 
.shown in Fig. 77, the lever /' forces down the jioint of the 
screw k when it is depressed. Tt thus turns the reach rod 
about its axis and depresses the point i to open the valve 
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d. The position of the screw 1-, which can be very finely 
adjusted by the worm and wheel arrangenient shown, reg¬ 
ulates the amount of the opening of the valve d. In this 
system the fuel sui)i)ly is jiaitlN- atomized by the current 
of air, Jind is subsccpiordly com])letely \’aporized by tbe 
heat in the ])re-!ieated air. 


In Fig. 78 is illustrated 
the Diirr vaporizer, which 
produces a highly lu>ate<l 
mixture, and is of fhi" third 
classification m e n t i o n c d 
above. In tbis ct)nstruction, 
the regulation of the air 
which enters at .r is effected 
by the throttle v’alve a, the 
inlet valve h being auto¬ 
matic. Alcohol is su])()lied 
through the needle valve e, 
which is so arranged that 
when ./ is closed, no fuel can 
enter. Tbe mixture juisses 
tlu'oiigh the tube d, and re¬ 
turning through the annular 
space <- surrounding the tube 
d, enters the cylijider at y. 
The exhaust gases which en¬ 
ter below y through tho 
opening z, are forced by 
means of baffle jdates to 
take a path through the 



s])ace f surrounding the annular s])ace c. The space e 


is further provided rvith a number of metal s[)irals join¬ 


ing the outside wall of c with the inside, and thus pre¬ 


senting a large heated surface to the jvassing charge and 


facilitating the transfcj- of he.at from /’ to d. This vapor- 
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izer fiiimislics a more liif>lily sui)erlieato<l mixture than 
any of tlio others, in eonseciuenee of the fact that every 
])ossil)le way ot thoron,t>hly ntilizint? the heat of the ex¬ 
haust gases is emj)loye<]. 

In eontradistinetion to the tyjie aliove is the va])orizcr 
illustrate<l in Figs. 7!) and SO, wliich is <'onstrueted by tlie 
Dresdener (Jasmotorenfahrik. It embodies a novel prin- 



eiple wlierel)y the cooling water of the engine, after being 
lieated by the radiation of tlie cylindeis, is used for beating 
the mixtin(‘. The Avarm water eiders the jai'ket of the 
v'aporizm- at x, wlnle air enters at the to]> at )/. d’he inlet 
valve b is automatic, though at the start it can be pnslied 
down at wall by means of tlie ])rojecting stem c. The fuel 
valve d, to which tlu' alcohol is fed through the needle 
valv(' c, is ojiened by the ilownward movenumt of the inlet 
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valve. T]>e aieoliol enters tlie air current tlnonfi:li a num¬ 
ber of fine openin^^s, and is carried along witli it. The 
cone () against which the current strikes, assists in the 
tliorough ini.xing of the gases. On very cold days the 
vai)orization may be assisted at the start by ])ouring hot 
water into the funnel (i. The h(>ating in this vauorizer is 
not of a veiy high degree, for not only is the jacket water 



Plti- SO.—DRKSDKMKU V.MNJRIZIU. 


eom])arative1y cool, but the mixture also does not remain 
in the heating chamber for any considerable period. 

It has beeji said that the form of vaporizer likely to 
come int<l> most general use is that known as the double 
float carbureter, shown in Fig. 81, and used on the Marien- 
felde motors. This form of vaporizer is provided with 
two similar chambers, a and h, one being used for gaso¬ 
lene, and the other for alcohol. The needle suj)ply valve 
of each cluind>er can be held shut by the springs c and d 
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ic'S])octively. Tlio (‘hainboT- a, (‘ontaiiiiiij? gasolono, is used 
on startiii”' the engine, the spiing c h(‘ing- puslied aside 
so that tile fuel can flow; the latter is maintained at eon- 
stant le\'('l hy the float, ddie two-way valve // is so set 
tliat the pafh for the air from h jiast the gasoleiu' nozzle at 
and through // into the eylindiu’, is open. At ever>’ suc¬ 
tion strol«‘ th<‘ air ennent drawn in is chargi'd with gaso¬ 
lene, which issues in a small jet from e. When the cylin¬ 



der lias heeir sntificiimtly heated the change to alcohol is 
made, the spring r heing ])ushcd into [ilace while the 
spring tl is forced aside, and the valvi* g is turned into 
the jiosition shown in the illustration of this type of vap¬ 
orizer. The air supply in this vajiorizer is heated in the 
usual manner hy means of the e.xhaust gases. Fig. 82 
illustrates a two-cylinder marine alcohol engine of the 
Marienfelde ty])c, and as can he swui from the engrav¬ 
ing, it does not differ materially in design from that of a 
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gasolonp motor, witli tlic oxooptioii of tlio cnrliurptor and 
the (‘omtiiession oliamber. 'I’he tank a wliioh (‘oiitaiiis tlie 
alcoliol is mainlaiiied at a ceitain inossuro by means of llm 
(‘xluuist f!:asos, wliieli foree (]u‘ aleobol into (lie |iTo|ier 
float chamlier of tl'o last-described ty|K‘ of va))oi iz(‘r. 'I'lie 



inlet valve I is aufomati(>; tlio ('\lians1 valve k is meeliani- 
eally opmat(*d. 'fbe fri'sli air foi- the fuel mixture juisses 
llirougl) a lieater surrounding; tiie exhaust pifu'. and is 
thus [U’e-heatcd on its way to the vapoiizer. the volume of 
file pro-heater bein<i; 12 to lb )ier cent of the stroke vol¬ 
ume of the cylinder. 3'he ifinition is by means of the 
magneto device h m, and is of the make and-break type. 
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The motor is governed on tlie hit-and-miss system. The 
circulating jacket water is kept in motion by a small rot- 
aiy pump n. The gasolene necessaiy for starting the 
niotoi’ is kept in the tank d, at a higher level so that the 
fuel is sup])lied to the gasolene chamber of the vaporizer 
by gravity. 



PART XVI. 

HEATINQ WITH ALCOHOL FUEL. 




i'-c 



A lcohol, Ik; it oi- denatured, is in many rc- 
.S 2 )efts su[)e'rior to kerosene and gasolene for 
the heating of rooms and of eooking and other 
liousehold utensils. The extent and the manifold ways in 
wliieh itetroleum i)roduets and gas are used for sueh ]mi'- 
2 K)S('S is well known and ne(‘d not he dwelt ui)On. This 
use results from the fact that tire so ]irodueed ean he 
easih' started and extinguished instantly, and the heat 
ean at all tinu^s Ih; regulated as desired. Tlu* sfoxaes are 
cleanly in that there are no ashes or dust, and being light 
and not attached to flue or chimney, tluy can h(‘ easily 
moved frotn place toi)lace. klori'over the initial c<^st and 
the ojterating e\i)ense aro less than with a coal stove, and 
ther(> is a great saving in tinu' and in fuel, generally, 
d'jn'se un(|uestionable advantages har e made oil and gas 
slows very |)opular ami their use widely e.xtended. 

.Mcohol can he used in almost any stove which burns 
gasolene, and in a. “blue flame” kerosene stove with little 
or no change it has all the advantage Just enumeraterl. 
As a household fuel it has many additional ones. It is 
safer, as has already been exidained; the- ac<'idental fire 
can be extinguished with water, wIkui'us kerosene and 
gasolene fires are spread thereby. .Mcohol is not grejisy 
by natui'e, noi‘ can then- be any disagrcfvible odor attend¬ 
ing its use. ddie llanu' is at all times non-smoking, as 
well as odorless, and thereby is rendered es[)ecially desir¬ 
able for cleanly eooking, ])ai1icidaiiy for broiling, 'fhe 
kitchen utensils are never blackened by the alcohol (lame, 
and time and labor are saved by this fact, too. 

All of these advantages ean be plainly seen in a simple 
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<‘oiii])aT}itivo trial of tlu^ two fuels. Advantages not so 
<'asily oI)s(‘rved. but wliieli are none tlu“ less real and im- 
]>ortant, are found in the inei'<»ased liealthfulness and 
])ui'ity of the air of a. closed room in which aii alcohol 
stove is hurniiig, as compared with oik* containing a kmo- 
sem* or gasolene slo\’(‘. 'fhe noxious influences of car- 
hon.c acid gas in looms, and the nu’asiirc's which ai'(> nowa- 
<lays taken to maintain in all rooms an atmosphm'e as frio 
as ])ossihle from this dideterious gas are well known. 
That carbon monoxide* gas always accompanies this and 
is many time's more peiisemous anel mene* lasting in its evil 
effects, is neit sei well kneiwn. 'Phis gas results from the* 
ine-omple'te e'emihnstion eif e*arhe)nae*ee)us inate'iials, and 
the ^■e*ry fae-t that the* ale'eihol tlanu* is non-lumineuis shows 
that e'omhustieni is mene* comjile fe, anel that tla'ii* is tliere*- 
fore less eif the extri*me“ly jioisemems e'arhem moimxiele 
fe)rme*el than in the* e'ennhustiem eif kereiscne* anel gaseilene*. 
Meireeive r the* e*he*mh*al cennjieisitiem eif pe*tre)le‘um preielue'ts 
sheiws that em an a^•e*rage they e-eintain 8.“) per e*ent of e*ar- 
hem, while* the !H) jier e-emt ale'ohol, whie*h is generally 
useel, e'emtains hut 44.ti per e*t*nt of e-arhem. Simple e*he'm- 
ie*al e‘ale*ulatie)ns sheiw, therefeire, that; from the* burning 
of one* ]iart by we'iglit eif petieili*um iireielue*ts .‘>.12 ]iarts of 
carbon elioxiele gas are formeel, and eif ale'oheil l.ti:! 
]/arfs, einly aliemt half as mue*h. A larger jiart eif the* 
heating value* eif ale'eiheil than eif petreil(*um e*eimes freim 
the eeimhustion of the* gase*eius e'lcnie*nt hyelreige*n, w'hie*h 
|iroehie*e*s a hotter flame* anel no neixieius ceimhustiein prei- 
«lue*ts, hut einlv wate>r. ,\le*eiheil sheiulel he* nse'el, tlK*rcfore, 
whene\'f*r ]ieissihle feir heating, hi'e-anse* it iiroehici*s far 
le.ss carbon elieixieh* anel deadly carlion meinoxido tlian 
jietroleum produe-ts. 

I_ECONOMY OF ALCOHOL FUEL. 

Alceiheil, it may he* {*xin*(*ted, will seiem ceisl about the 
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Hatiic as jyasolciio and but a trifle more than kerosene 
weight for weight. At tlie price given in the ])revious 
Ihiit XV., tJie relative costs of equal amounts of heat the- 
oi'ctically given off by these three arc: 

Gasolene . . 1.35 

Kerosene. . . . 1.02 

Akohol. . 2.19 

The apparent superior economy of ]ietroleum ])ro(lucts 
ill tln'ory is not borne out in ]iractice. There ari’ greater 
heat losses from the gasoleiu' and kerosene flames than 
from tiie alcohol tlanu*; the latter, because it contains no 
solid incandescent carbon, does not radiatt! heat so much. 
3’hese facts and others of a puiely technical nature, com¬ 
bine to make the cost of alcohol h(*ating only ah nit one- 
fifth more than that of kerosetii' or gasoleiu* for e(|nal heat¬ 
ing effects. This slight iliftVrence in cost which may soon 
lie changerl to the favor of alcohol by its cost falling be¬ 
low that of the others, is more than compensated by the 
advantages just mentioned. Tf lias not snlliced to hinder 
the widespread use of spirit for such piir])Oses in Idurope. 

II_THE NATURE OF THE. FUEL. 

1du‘ denaturing of grain alcohol with small amounts of 
Avood alcohol and Ixnizene, as the United Stati's regula¬ 
tions ]ires(*ribe, in no way interf(‘r(>s with its value as a 
fuel; it is necessary only that tin* deiiatuied alcohol should 
corres|iond to at, least t)() volume ]>er cent pure alcohol, 
and should not be ilenatiired Avith any solid substaiu'e. In 
b'rance a soliil material called malachitt* grei'ii was used 
in small amounts as one of the dcnatiirants. It graduallv 
a<;cumulatcd in Avicks and burners, befouling them and 
lowering the efficiency of the devices. 

in this connection a iioacI form of alcohol fuel, called 
Smaragdin, Avhi(‘h has recently hecn introduced abroad, 
may be nu>ntione<l. It is solid and t'omes in small cubes 









.'576 


IJS’DUSTIUAL ALCOHOI. 



Fif; Nt; Sui.ijj Ai,LoiioL--Anom)i., Eiulu A.NU Ol.n Coiton. 


jil)out one-tiliI'd incli in .size, and consists piiiicipally of 

alcolici with tli(‘ addition of 
a liltle ctli(‘r, whicli to- 
,ael1iei' dissolve a small 
amount of f’lin collon. 'I’liis 
.sets to a jelly-like solid, 
wliicli will kee]) foe a ycae 
ov moee in a closed v(>ssel, 
with littl(‘ loss by e\apora- 
tion. A heap of this “solid 
alcohol’’ is illnstrafial in 
l-’i.a,'. S.’5, and in Fij;;. 84 a 
few ))ieces of the. same are 
seen hnniiiiff in an open, 
shallow dish. Of cfiurse 
tlie ah'ohol (piickly evapor¬ 
ates o!i ex))osnre to tile air. 
4’his form of fuel is easily 
fj<.. K4.—SoMii Ai.coiioi. Ill u.\i.N(; cai 1 il'd ill small amounts 
IN AN Ol'I.N Vl-.SKKL. and can he used for heatinj^ 
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where no alcohol burner is available, for it can be burnt 
in any non-combustible receptacle, or can be used as ordi¬ 
nary alcohol. It burns quietly and leaves almost no I'csi- 
due. In (icrmany, one half pound, C(|ual lo about half a 
pint of alcoliol, cosfs apjcoximately df) cents. 



Fi(.. S', - Ai.( Muoi. Hk.v n ]i Wini Urri.KCiou. 


Ill_HUATINO API>IJA^C^.S. 

As has already been ex|>lained, the alcohol flame itself 
radiates very little beat; nearly all of the latter goes up¬ 
ward with the jiroducts of combustion. When it is desired 
to heat a room with an alcohol stove, therefore, the in- 
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tense heat of the aleoliol ftaine is usually reflected out into 
the room by means of a eun'ed sheet of copper, as shown 
in Fig. 85, or from a i)iecc of non-combustible material 


like asbestos, which the flame 



Fiij. 8C.—Another Form (ji- AL('f)iioL 
S'IO\ L. 


renders red-hot. Or, as 
shown in Pig. Hti, the 
gases circulate around 
metal jackets before 
leaving the stove, and 
the hot jackets then ra¬ 
diate the heat into the 
room. These heatei's 
ha\e been develo))e<l 
especially in (fermany, 
wliei’e they are now 
(|uito generally used, 
fl'hey ar(* usefid wher¬ 
ever the hot air, hot 
water, or steam system 
of heating by coal is 
not availal)le; it is to be 
recommemled, however, 
when us(>d in a clos(‘d 
room for any length of 
time, that the (>scaj)ing 
j)r(Hlucts of condmstion 
be led into a chimney 
by a s))ecially-constru(*t- 
ed flue, in order to avoid 


excessive vitiation of 
the atmosiihere. This is at all times to be avoided as far 
as possible, but it occurs, of course, to a less extent with 
alcohol heaters than with either kerosene or gasolene bum- 
eis, as has bt'cn e.x))lained. 


drain alcohol has long been used for this jnirpose 
abroad. In this country, because of its grcati'i- chea))ness. 
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8' 'lisJi, a fonn 



Fr(, .ST—Ai.coiioi. Bri!M\(^ ('iiAFiS(, Df.mi 


linl r^''* ^ " small safety res(‘rvoij-oaii for 

it ri ‘ i“ 'i''''", “.'“f* ■> i>»" (.itiii.ii.'.i to ii„. i„„,. 

landle) whicl, ordinarily eoiitaiiis a little water, d'liis low- 

1 pan IS lieated direetly by tlie tlam<> front the adjustable 
■ ,„„i „,.™ iis „ ii,,,ii„j. SIS;*. 

e iltnici pan winch i-*.s(s jii it, and in wliicli tile artictes 
I" '»■ oooked arc |,lac,.,l. A lid will, a handle eon,,,loS 
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the apparatus. 3’liis utensil is ca])al)]e ol‘ a gi'eat variety 
of uses. Its operation is rapid, and tlie heat is readily 
controlled; entire meals are fi'e<]uently i)iej)ai(,‘d on this 
simple apiiaratus. A prominent manufacturer estimates 
that perhai)s two hundred and fifty thousand are in use 
in this eountiy, and there will he a rapid increase in their 

employment when the 
eo?i\’eMienee ;md econ¬ 
omy of the utensil are 
mole generally under¬ 
stood. 

I’erhaps hotter known 
and of more extended 
use are the spirit lamp 
tea-kettle and coffee 
tiereolator, illustrati'd in 
h'lys. !^S and S!». 'fhe 
infusions of tea and cof¬ 
fee so obtained are not 
snrjiassed in tla\'or hy 
those obtained with any 
other utensil, d’hc coffee 
[lercolator is simple in 
operation; the ground 
coftV'G is placed on a 
sieve situateil just be¬ 
low the glass portion, 
and water is introduced into the lower vessel. Tin* glass 
globe seiwes to condense any little steam that is formed, 
lor the wati’r docs not boil. The watiu" when suffi¬ 
ciently heated rises because of its expansion through 
the central metal lube, which extends from near the bottom 
of the Avater up into tlie glass globe. The hot water flow¬ 
ing from tlie top of the tube fiereolates over tlie coffee 
on the sieve, and runs hack into tlie vessel from which it 



Fig. 88.—SiTinr Tl.v Kkttlk. 
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started. The main mass of the water does not boil, but 
eirculates up and down and the infusion is thus made 
without impairing the delicate aroma and llavor, as is 
done when coffee is Imiled. Wlien sulTiciently strong, the 
coffee is drawn off by means of the faucet at tin* side. 

'I’lie construction of 
tlie latest and most 
imitrovod form of al¬ 
cohol burner of tin; 
smaller tyis' is shown 
in h'ig. IM). d’he wick 
is made of cotton, 
which, howevei', is not 
seen ht're. d’ln^ i)i'o 
jeeting ])art consists 
of a metal cap, which 
is filled with aslx'stos. 

'I'liis absorbs alcohol 
trom the cotton wick 
ill I Ik reservoir below, 
and iK'coming ln'al(*d, 
vaporizes the spirit, 
d'he dame issues from 
the various holes in 
tli<‘ ca[), a n d t h e 
height and intensity 
of the former are con- 
troll(‘d by turning the 

wooden handle seen at p,,, —('(um i, pkhcolatok Hkated 

the side. Tlie ashes- wnu ai.iouoi,. 

tos becomes hard and 

non-absorbent after a while, but is easily rejilaced. There 
is. of course, a great variety of other burners in use, for 
examjile, tlie jdain open dish with a support to hold ves¬ 
sels in, which is shown burning Sniaragdin on page 376, a 
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Frc. 90 —An Efkkii..nt Alcdudf BiiiNin. 



Fig. 91,—-Vaiuoi s Foifms of Blii.nliis. 
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similar dish filled with asbestos and eovered with wire 
f?aiize, and the more improved kinds with various dia- 
])hrafi:ms and piovided wdtJi means I'oi' altering the same, 
and therehy eontroliing the size of the llame. In Fig. hi 
are illustrated various shapes of siinph; wiek burners, 
w’hieh are used for eigar lighters, toilet purposes, etc., and 
a speeially-eonstrueted burner with rests for heating eurl- 
ing irons for the hair. 

k\)i- liaveh'i's, jiicmickeis. the., the utensil shown in h’ig. 
is veiy handy; the 
lani[i and supi)ort for 
the tiol can he i)laee(l 
within the same, so 
that the whoh> is veis 
eompaet. Some of 
tln‘,S(‘ de\'i(‘es have a 
support for three eggs, 
which can lx* boiled in 
tlu"' coffee whil(“ it is 
being made, so that a 
\vg\\t \n(>aki‘ast can he 
pii'pared with the one 
buriH'r. 'I'liero is also 
a gauze arrangement 
for toasting hn'atl, which can he placed on a .small stove 
like this. 

Of larger stoves there are many vai'ieties which have 
found e.\tensiA'(‘ use, esi)eciall\’ in (lermany. Fig. h.! is 
an illustration of one of (icrnian manulacture. which 
gives a very strong flame and will do any woi k tor which 
a gas or <‘ven coal stove is used. Fig. i4 show^s a (ierinan 
stove with twu) burners; they arc* made with thi-ee and 
even four burners, so that any meal can be readily jcreyiar- 
ed with the one stove. Each of these burners will boil 
one quart of wmter in six to seven minutes, one gallon in 



Fic. ir;.—Si.uPi.L Spirit Cookkr 
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twenty to twenty-five inimites. Eacli burner uses one- 
quarter to one-tliir<l quart of aleoliol per hour for the 
lioltest tlaine, wliicii, with aleoliol at 25 cents [ler gallon, 
Avill niake each cost only two to thrie cents iier hour. A 



KUi. 93.—A Sjiall Ai.cuiiol Cook Stove. 


gallon of water can be kept boiling for one hour, how¬ 
ever, with one-tenth of a ijuart of spirit at a cost, therefore, 
of less than one cent. 

An extremely handy utensil and one which is extensive¬ 
ly used in Germany is the flat-iron shown in Fig. 95. 
These come in all sizes and weights up to twenty-five 
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pounds and cost $2 to $5. The Jieatiiiff is done by a tube¬ 
like burner, which jirojects into tlie iron, and wliicli is 
first started outside on a special stand, as is shown in Fig. 
9(). The iron becomes hot in ten minutes at the most, and 
remains at a constant tomi)cratnre as long as the reservoir 
at the end is kept fidl. It holds about onc-tentb (luart, 
which lasts one hour on an average, and costs for this 



Kid 94 .—Two-rt^rnkp A r oonoi Stovf.. 


length of time less than one cent. Hliere is no dangci' at¬ 
tending their nse; and tln'v do not re<inire caret'ul hand¬ 
ling. The advantages of these irons, especially for wann 
weather, are obvious, and it may b(“ predicted that their 
use here will soon be extensive. 

Another household utensil which is ])opular in (ler- 
many but is new here, is the water heater illustrated in 
Fig. 97. The water is continuously admitted from the 
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Fic. 9 .').—An Alcohol Heated flat Iron. 


supply pipe tiirough the faucet seen just liaek of the 
tliennoinetev at tlie siih*. Tlie liunier is started as usuak 
and in fifteen seconds or so hot water Mows eitlier from 


the shower—the tube of which 



Fifi. 96 .—Burner for the Alcohol 
F r.AP Iron. 


is here detaclieil- or from 
tile lower tube; the ther- 
mometei' shows the tein- 
lierature which is re<cu- 
lated hy the rajiidity of 
the flow of water. There 
is considerable escajiin^ 
heat from the apparatus,, 
which heats a small hath 
room (pjickly. One quart 
of alcohol, costins? less 
than ten cents, will heat 
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forty gallons of water to a t('iM])erature of about !)()° F. in 
ten to fifteen minutes, depending on the initial temperature 
of the water. This a})j)aratus is llO inches wide, 7 inches 
dep]», and about 20 inches high, without the shower, which 
adds 40 inches. The whole can be fastened to the wall on 



Pic. 97.—Alcohol Water Heater. 
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bi'fu'kets. Its cost is about in Oeiinany. Doubtless it 
can be made and sold niucli cheaper here. It is an ex¬ 
cellent arranjijement where an iniincdiate suivjjly of liot 
water is desiix'd. It will deliv<n- water neaily at the boil- 
iiif? ])oint in onc-tbird of a minute. Of course, ])rimarily, 
it is intended foi- the bath. 

Still another a])j)aratus is that shown in Fi,e:. 98, whicli 
is used for the hot aii’ dryitig of the hair, towels, hand- 



Fl(.. !)8. -Sl-IRIT Bl K.N'I.XG Haih- 

Drykr. 



Fig. 100.—Soi.dlri \f.-iuo.v 
Br.AsT Baaie- Usi.ng 
Spirit. 



Fig. 99.—Alcohol Bcnsex Bcrn'er. 









ITS MANUKACTITKU AJsD ITSKS USD 

kerchiefs, etc. A small spirit lamp at the base lieats the 
air, whicli is forced thruu‘>ii the ai)paratus and out of the 
spout by means of a revolving fan. 1'lie api)aiatus is 
very liglit, and can b(' held in one hand ajul operatetl with 
the thumb. I t costs about 

A bni’iK'r mucli used foi' healinf>- utensils in chemical 
laboratories and in scientific work, is tJie 1 {unsen burner, 



PlO. 101. -ALCOIIOI, roi'FKF RAASTFI!. 


sliown in Fif;'. DD. Alcohol ma> be used where' fi,'as, which 
is clieapcr and more' ceinvenienl, is met eebtainable. d e> 
start it a little' ale'cheel is peeureel ai'ound tlie leiwer jiart 
and, beinf< ignited, it lie'ats that pentiem ot the' lamp so 
that the alceehol from the re'se'ix'eiir vaporizes whe'ii it 
reaclu's that point. .M’te'V this the' lamp itself furnishes 
suflie'ient heat to e'ontinue' the vaporizatiem. 'Phe' rush of 
vapor siie'ks in air throne'll a small heih' se'e'ii near the cock 
of the burner, and the* mixture burns at the te)]) in a long 
intensely hot flame. This burner is very effieient in 
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)im£?jn,£>- artioloR to a Jiigli toraperaturo. The solderino- 
non blast laiuj., sliovvii in Fijr. ip,)^ jj, similar in coustrum 
ioii ami opei'atioii. 'rim reservoir, liowover, is attat-hed 
umnediately am iig.dly (o fl.e burner, wbieh is provided 
witb mnneions boles lor admitting air, and is onerate.l 
w. b tbe llnnnb. It eosts about "Anollmr'Ltlm wbSI 

wil ti d litTr'“ "'1 xltl'ougl, it i.robablv 

Fig/lOl. ''' roaster, illustrated in 

I bese articles indicate tlie great variety of wavs in which 
alcohol may be emj.loyed in domestic life, and this uti]i 7 a 
t.en will doubtless be greatly increased in the future liy 
American inventors. ^ Aumic n> 



PART XVII. 

ILLUMINATION WITH ALCOHOL. 


T is well known tlint tlio alcohol llanic is pi’actically 
I colorless and nondiiniinous. Against a strung light 
A it can scari-(‘l\' be seen; it Ijas not a hit ol' the chai'- 
acteristic bright, yellow radiancy of the gasolene, kaM’osene 
Ol’ gas llanie, diu', as lias been shown in pn'vions discus¬ 
sions, to the prcscnci* of almost white-hot incandescent or 
glowing particles of solid carbon. 

Alcohol, nevertheless, can furnish most cflicient and 
satisfactory illumination. For this jmrjiose the intense 
lu’at of the alcohol llanu' is employed to bring to a white 
heat a so-calh“d ^V(*lsba(‘h inantk’, a gauze-like hood whi(‘h 
inclosi's the flame. It is composed of combinations ol' the 
rare chemical elements cerium, thorium, (ubium, yttrium 
anil /.irconium. d'his form of light was first inventi'd by the 
Austrian chemist, Auer von Welsbach. d'he mantle emits 
a soft, intimsely white light when strongly heated, with¬ 
out undergoing any permanent chemical or physical 
I’hange. 'fhese mantles ai’o now widely used with gas in 
this country, as abroad, on a s]K‘cially constructed burner, 
and it is a w’cll-known and demonstrateil fact that the cost 
of gas consumption for eipial lighting effect is much less 
than with tin* naked self-luminous gas flame. 

In order to secure the most intensi' heat and therefore 
the greatest illuminating ])Ower, as wi'll as for other rea¬ 
sons, the gas is burnt in the Welsbach light in what is 
known as the Bunsen burner, the invention of the cele¬ 
brated German chemist, Ttunsen. In its simplest form 
it is mucb like the alcohol Ibmsen burner shown in Pig. 
b!), that is, a slender, vertical tube with several small 
lateral holes. Immediately between these holes the gas 

3!)1 
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or vapor rushes ui)\var(l in a very fine jet and draws 
through them a (|uantity of air. 'I'liei aii' and gas mix 
tJiorougldy in tlieir eourse up the tube and burn at the 
to|»in a non-luminous, intensely hot flame. 

Now aleohol ean lx* utilized in this foi’m of burner, as 
lias been explained on jiagc' .388. It is vaporized at tin' 
base by the lieat of the metal burner, mixes with air and 



Fio. 102.—ORni.N.vKY Type op 
Ai.cdiiiit, Ij.wi' 


Fto. 10.2 —ALVoiior, La.mp 
WITH Wl.I.SRACH MANTI.E. 
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burns at the toi) within tJie niantJe, producing the well- 
known Weisbach liglit. In substance, therefore, the 
Welsbach gas-light and alcohol light an' the same. The 
only difference is in the a<hlition of a suitable arrange 
ment at the base to va)>orize the alcohol. 

I. -THU ALCOHOL LAMP. 

d'he vapoi'izing section of the alcohol laniji does not 
differ much in external a[)peai- 
anc(‘ or si/.i' Irom the ordinarv 

, , , t . t ' nf Iiilciior uf Humor. 

kc‘ros(.*n(‘ liniip. ( ou]i)l(.‘t(' hi in j is 
of se\’c'ral varieties art' shown in 
Figs. IOl’ and 1(1.3. d’he base of 
an ordinary oil lami) may be used 
without changt', an atiditional 
manth' holder and va])oi'izing part 
foi' llu' alcohol bt'ing all that not'd 
be jmrch.'ised nt'w. 'I'liis I'act will 
tlonbtk'ss aid greatlx' in tlu' inti'o- 
duclion of tilt' alcohol lamp, 'flu' 
lamp is startt'il by (In' ignition of 
a little alt'tdiol at tliti base, tib- 
liunetl either by ]iumiiing up a 
lew drops by inessing the little 
handle st'cn projt'cting fiom tlu' 
base of the Imnier in Fig: 102, tir 
by tlu' atidition of a few drtips / 
from a can thioiigh flit' tiblong 
opt'Tiing seen just bf'iiealh tin' 
chimney iti Fig. 10.3. .\ lighted fk). iot.—A lcojioi, 

inateh is applit'd hert', tlie alcohol t.a.mi'uukner. 

lakes fire ant] (|uickly lit'ats the 

base, and on o])ening the gas valvt; by a few turns of the 
screw regulator seen at the side of Fig. 103, the flame leaps 
uj) to the mantle and the light is ready for use. It can 
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be easily adjusted by tbe screw regulator, aud instantly 
extinguislied by closing tlie same. 

Hie construction ol a burner oi Ibis ty|>(; is sbown in 



Fio. 105 .—Aia’Oitoi, Student Lamp. 


cross section in b^ig. 104. The wick, wbicb is composed 
of (‘otton, absorbs the alcohol, wbicb, ])assing ujjward, is 
vaporized by tbe beat of the metal part marked “gas 
chamber.” This remains constantly hot while the lamp 
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is bnrninj?, by tlie coiKluctioii of lioat from tbo banie within 
llio mantli'tlu’ongh thoniptai “hoat-ooiidiK'tor. ” Thevai)m‘ 
mixes with air in the gas-Jiolder and burns above the 



T’lO. IOC. —^Two HtuinnET) Candt.k Powtr Spirtt Lamp, 

gauze and witliin tlie mantle. The wiek, of eourse, is not 
tou('l)ed by the flame nor is it seorelied; but nevertheless 
it should be rejdaeed onc(' every tliree months or so. 
These lamjis average .50 candle i)ower, so that they ai’e 
equal to three incandescent burners. 
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lu Fig. 105 is sliowii an alcohol lam]:) similar in oon- 
slnu'licni fo tlio others illnstrahal, oxcei>ting that it can 
he adjusted at vai ions heights and is j)rovidcd with a re- 



Fio. 107.— Hu.ji r.WDT.E Power AreoiioL Lamp. 

flcctor. It is used hy ])liysicians, students, and others 
who desire a strong, concentrated light. 

For exterior lighting, lamps of a different construction 
are used, d’he mantle is beneath and the light is reflected 
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downward; in many n'siic'cls tlicv mndi rosondilo tlio 
trie, aif lamps in oxlorna! appoaraiuT', as is seem in Fi^s. 
1{)() and 107, wliieh show lamjis oi' (iennan mannraelure. 
Idle aleoliol container and the vaporizing apjiaiatns are 
in the iijiiier part of tlie ]am](, and the latter is heated hy 
the ascendint!: hot yase's from tlie flame. 1'he method of 
starting the lam]t and its regulation are much the same as 
in the smaller portahle ones just descrihed. They are 
used extensively in CJermanv, when* they cost on an aver¬ 
age about ij^15 apiece. A 200-candle-powcr lamii consuimxs 
1/2 pint of alcohol per hour, costing therefore ahout IVj 
cents for each hour’s lighting. 

II.—ADVANTAQES OF THE ALCOHOL LAMP. 

d’hore are many places and oc’casions which require a 
portahle hand lamji, and these are much used even in cities 
and towns where gas and electricitx' can hei had (‘hea])ly, 
as is well known. For such purposes it may he confi- 
(U 'tly asserted that no lanqi is as satisfactory as the al¬ 
cohol incandescent lamp, 'fhose of 2.') cand!e-]K)wer ])ro- 
duc(‘ only Sti granmus of carhonie acid gas per hour, 
wlnu’eas a km'osime lam)i of the sanu' iiowi'r iiroduces 2.'!4 
grammes of this gas. 1’he fouling of the atmos(ihere of a 
room lighted hy alcohol is, theirefon', less than half that 
caused hy ]ietT‘oleum lamps. Furtlu'rmori'. alcohol lami>s 
are perfectly safe, and can he carried ahout from place to 
])lace. d’hey do not mnl<(> the hands greasy or oily, as do 
kerosene lamiis. They re<|uire very little iittention, there 
heing no wicks to trim. ’I’he light is uniform and the lamp 
never smokes. 

As regards the initial cost, the pri(‘(‘ of the alcohol lamp 
is about the same as that of tin* knuoseme lamp now 
in use. The cost of operating the two is ahout equal also, 
for one-half gallon of alcohol will furnish as much light 
as one gallon of kerosene, which costs ahout half as much 
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;is alcohol. This is seen by the following coTn])arativc 
tests inado by llu' Electrical Testing Eahoratories of New 
York (hty, of a round wi<*k center-draft kerosene lamp 
and an incandescent mantle alcohol lamp: 

Lamp. One gallon will Iasi. Candlo power Canillo power hoars. 

.'VIcohoI 57 Ill's. 5 min. :!l) :!5 I7:!2 

Oil 28 lus. 40 min. :!0.8 8.82 

In the following table the cost of alcohol light as com- 
])arcd with the otlun- ordinary methods of illumination is 
given as rcjiortcd by one (icrman nunmfacturei' who has 
made (‘and'ul tests. 3'he alcohol is taken as costing 30 
cents per gallon: 

(In rents ]) 0 r KVeandlo iiower hour ) 


Cost of alcohol used in lumps.. O.OOOS 

Cost of ^as. ' ()oo(j 

Cost of electricity. .0011 

Cost of kerosene.0010 


This is at 18 cents per gallon for kerosene in Germany. 

Thesis ai'e the tiguies for small lamps of tiu' candle- 
power of the electric incandescent lam|). The amount of 
alcohol used candle-iiower hour is miu'h less for larger 
lights. Siieaking generally, the cost of lighting by alco¬ 
hol as comiiarcd with kerosene is in the ratio of (I to 10 in 
favor of the alcohol. Tt will ho noticed that gas only can 
compete with alcohol as an illuminant, while alcohol has 
tile advantage of furnishing a fioi'tahle li.ght, which gas 
does not. 

h or certain pin’]ioses, therefore, alcohol ))ossesses ]U'e- 
eminent advantages as an illuminant, and there is every 
reason to expect that it will find extensive' use in this 
country as it has abroad. 








PART XVIII. 

STATISTICS OF ALCOHOL PRODUCTION. 


I T i.s nndoulitodly ol' iidciosl to know tlio progress 
and extent ot the a.leohol indnstiy in tliis and other 
eountri(‘s. d'he statistics of tlie inaniit'aetnre, uses, 
and ])riee of the various varieties of aleoliol, here and 
abroiul, follow, and from these some idea of the jmssihle 
extension of the industry and the probahle cost of alcohol 
in our country can be obtained. 

I. UNITED STATES. 

Tlie following statistical data are from tlie reports of 
the Commissioner of Internal Keviunu', for the fiscal year 
ended dune .dt), I'lOr): 


TAHLK I.-DIS I II.IT UIKS KK(i ISTKKKI) A\1> <H’l-H.\ 11-D DCUIAC THi: Yl'iAK K.VDKD- 
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1,1 os 

i,o;n ; -2 018 
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TAnr.E II,—QT^ANTITIES OF ERAT.V AND OTIIEU MATERTAT.S TTSED FOR THE PRO- 
D1 FTID.N OF JD.S-m.I.FD .SRIRITS DI KINO THE FISI AE YEAR ENDED 


•H'.NE 30, 1905. 

Hiishels. 

Mult. 3,798,578 

Wheal. 12,481 

Parley. 9,X74 

Ryo. 5,489,028 

Corn. 20,592,504 

Oats . 18,898 

Mill feed. 1,402 

Other lualeriulw . 4,500 


Total . 29.927,325 

Molasses.20,549,553 Oals. 


TABt.K III.—COMPAHATIVK STATEME.NT OF MATERI.M.S EKED AND SPIRITS 
I'RODtT'ED IIFRINO THE I.AST TWO FTSC\1, YEARS. 


Year. 

ciraai 

Used. 

S|M| 1| S 
PlO'llUM'll 

l l OIIl 

Oialii 

Molasses 

1 «.<*«! to 
Prodiiee 
SpirUs. 

Spil*lt4 

T’lTidui-etl 

1 rom 
’Molasses 

.NIolasses 

to 

l’t«)du<-o 

Kuril 

Kiiiii 

TU'odur'ed 

'total 

Production 


ItushctfA. 

(jallojis. 

(lallijii^ 

(ial lotie 

(lalloiis. 

tiullons. 

(ill Hons. 

Iftiu .. 





2,123 ."i:i 

1,801,1T» 

134.311,953 


2lt,927,a:.’:» 

i;u,9;t2,>rH 

l^3H7,r»r.o 


2,U>I 903 

1,791 987 

H7,810,794 


1 ;>;* 4^0 

Th<^ average yield tier bushel of grain was -—= 4.47 4- gallons 

21bli27.o2;» 

of spirits. 

The average yield per gallon of molasses used for the production of 

12.usd :;2!» 

spirits was — h.ti57 + .nallori. 

1 S,.>S /,!><,>(* 


The average yield per gallon of molasses used for the production of rum 
1 701 US7 

2401:903 4- Ballon. 
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ll.-OERMANY. 

Tlio following statistics have boon compilod by the Bur¬ 
eau of Statistics of the I'liited State's Department of Agri¬ 
culture, from the Vierteljahrshefte zur Statistik des 
Deutscheii Bcichs, ItlOd: 


TABLE IV.—PRODUCTION OF SPIRITS IN GERMANY DURING THE INDUSTRIAL 
YEARS (OCTOBER 1 TO SEPTEMBER '^ 0 ) 1004-5 AND 1003-4. 



1S8: IHSK. 


1 I'HO-itta's 

Distilleries. 

Alcohol 

Pl’OiltJCCll. 

Distil. 





loi'iets 111 

AU-ohol 

loru'w in 



«ipefrt- 

Produced. 

Dpcia- 

Proiliu.cd. 



turn. 


tlOD. 


Agricultnral dis 



i 



tiller ies : 



GiilloiH. 


(JaOon'< 



r),05n 1 

1 

! 7,593.514 

0,048 , 
7,620 1 

75,860,933 
8.615 719 

Grain. 


Total. 


1 1 

N7.S9N 193 

1 13,668 ; 

81,-176.652 

Industrial diatillerie.s ; 1 

_ 


- 


' ' - 

Potato. 


1 _22 

1 51.1 m 

21 1 

1 149.864 

Orain . 


1 THS 


780 ! 

11,612,490 

Molasses 


2!» 1 

3,4.VI.r.01 

29 

2,851.715 



:!!t i 

•4,(ii)5 

39 1 

4,253 





Total. 


STS i 

i:! aim.iiu 

809 1 

14 618 322 


__ 




Other distilleries work- 






up non-fariiiace- 
ous materials. ! 


Tio.uio 

(114.750 

57,635 

958 145 

Gi’and total. j 

S0.7H:i,S4(i 

(><i,(KU 1 

i(n.Hi!i,oir| 

72.172 : 

too,or.;!,lift 
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TABLE V.—MATERIALS WORKED UP IN DISTILLERIES IN GERMANY DURING 
THE INDUSTRIAL YEARS (OCTOBER 1 TO SEPTEMBER 30) 1903-4 
AND 1904-.'). 


Materials. 

1I)U8 1!I)M. 

l»04-19a'>. 

Potatoes. 

'I'ons 

Tons. 

Rye. 


120,416 

Bariev .... 


Corn and dari. 

21.550 

131.3.10 
23,738 
45,407 

All other grams and farinaceous materials 

Molasses. Iieets and beet luice... 

40,027 

Other materials. 


.{.;{(i0 j 

I 1,1 



3,337,075 

Brewery refuse and veast broth. .. . 

Seed fruit and iiomace.. .. 

Gallons. 

2.27^1,471 

Gallons. 

2,12:1,742 

Stone fruit .. . 

Fruit and grape wine. 

5’oU»,’;}72 

10,:r)<),400 

Wine lees and rapes. 


10,330,114 

3,004,881 

Other materials. 


Totals. 


30,880,474 




TABLE VI.—CONSUMPTION OF TAX-FREE ALCOHOL IN THE GERMAN EMPIRE. 


Industrial Vear. 

October 1 
toSeptemberSO. 

'Potal 

Tax-Free 

Alcohol 

P'ully Denat nred 


By 1 he 
Usual 
Method. 

By the 
Aflrnixturc 
of Benz4.*De. 

Total. 

Partially 

Denatured, 

1004.. .. 

1003. 

1002. 

1001. 

Gallons. 
36,043.805 
.30,700 000 
33.770.735 
20.334,101 

GalU>ns. 

24,418,0.52 

24.004,052 

23,002,200 

Gallons. 

1,471.004 

1,303.807 

778,113 

Gallons. 
25,yy9,()5(> 
2,5.908,810 
23,780 310 
18,010,826 
20.005.887 
11.000.000 
3,000,000 

Gallons. 

16,:i5:i,6ir> 

10.105..535 
9,.520,405 

1000 . 

30,.534,501 

10.000,000 



H,075,281 

1895. 



1888. 

10 250,000 
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(TAHr.E VI —CONTINUKD ) 


S' 8 

i’ t- 


Without oration. 


^75 






u O « 

In I’nblu- 

In Public 


For Making 



In Militia V 

8inoU<‘l(‘^B 


C © 

Modpitais, 

SchiDlifio in- 

'I'cchnical 

I’owth'i, Funos 

Total 

ttc. 

atitiitions 

Institutions. 

an - Kuirni- 
mitos 


Gallons 

Gullonp. 

(iailoiis. 

(ittliOtlS 

Gnllong. 

l!H)4 . .. 

74,T20n 

58,070 

! 0.752 

592,497 

701,18-1 

l!l(«. 

95,9:17 

50.905 

:{,r)40 

454,954 

575,889 

im):2. 

58,972 

51,509 

15,90:{ 

818.870 

470.011 

mn . 

58,125 

51,010 


458,995 

•*1,599,88:1 

1900. 

48,081 

•19,890 


457,599 

•|8<,l8,4i8 

1895.. .. 
1888. .. 





! ,000,000 
550.000 







♦ Of which l,00(i,144 gallons were nseil in the niamiraclnre of ine(iicine. 
f Of which 340,.'ili0 gaiions were used in the manufacture of medicine. 


Tt must not be forgotten in eonijiaring tlie figures for 
(loruiany with those of the [Jnitefi States, that tlie (leiniiau 
aleoliol is given in gallons of bS ])er eeiit eoiiniiereial 
strength, and that, therefore, in order to eonijiare them 
with tlie taxiihle gallons of oh per eeiit strength jirodiieed 
in the ITnited States they must be almost doubled. Dur¬ 
ing 1905 the total number of ta.xable gallons ])rodueed in 
the ITnited States, otliei' than from fiuit, was 147,810,794, 
iind from fruit, 5,448,584, ji total of 15;i,259,;!78. The 
figures for (Jermany show, tlierefore, ii total of 100,05.‘>. 119 
gallons, 01 ’ about 200,000,00(i Uniti'd States taxable gal¬ 
lons. In round inimbeis, tlierefoie, the (Jerman pi’odue- 
tion for the past year is 50,000,000 bixable gallons greater 
Ilian in the (Tnitefl States. 

An idea of the totiil number of aleoliol engines in oper¬ 
ation in Germany may be obtained fi'om those in use in 
the eity of Berlin in 190.‘1. One eentral station iilone in 
that eity had, at that time, eontiaets foi- supplying 1,011. 
aleoliol engines. These were distributed among the vari¬ 
ous industries as follows: 
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TAIir.K VII. 


AgricuUural purposes. 544 

PumpitiK plant.s.S 8 

Creameries . !..!!!!!!!!! 63 

Electric lisht i)lanls. 52 

Woodworking machinery. 45 

Flour mills. 40 

Bakeriiis . 33 

Motor trucks. 30 

Boats . 30 


^riio Post were used for jrenorjil itowcf puriiosos. 

Am rogards tlie ])ri<*es of the viirious substtuiccs usod in 
Cioniiany for donjituring- alooliol tliey are, depoudirisr npon 
tlic quantity ordered, as follows: 


TAUI.n VIII. 


4 parts wood alcohol, 1 part pyridin base.... 

Denatured wood alcohol. 

By rid in bases. 

Camphor . 

Tttrpenline oil. 

Benzene. . 

Sulphuric ether. 

Animal oil. 

Chloroform . 

Iodoform . 

Ethyl bromide . 

Benzine . 

Technically iiure methyl alcohol. 

Ca.stor oil. 

Lye . 


Prices in 
cents, per lb. 
9.75 to 10.90 
8.65 to 10 80 
13.50 to 15.15 
55.17 to 57.40 
17 30 to 24.30 
8 65 10 10.80 

24.30 to 30.30 
27.00 to 32.50 

16.80 to 19.50 
292.00 to 325.00 

54.00 to 70.40 
7.50 to 8.10 

10.80 lo 13.00 
18.90 to 21.20 

5.00 to 6.40 


Tlie retail selling prieo of aleoliol varies greatly from 
year to year in (lermanAq as is seen in tlie following table, 
■wliieli gives the prices of 90 jier cent alcohol for tlie last 
four years: 

TAni.E IX. 

1903. 1904. 1905. 1906. 

131/vC. 30c. 18c. 29c. 


The high jiriees of the years 1904 and 1900 were caused 
iiy the jioor jiotato crop resulting from abnormally dry 
seasons. 
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111.—FRANCE. 

The consumption of denatured alcohol in hVance fur 
the years lOO.'l to 1005, inclusive, is shown in the follow¬ 
ing table, which is taken from Kidersky, Hull, de I’iXsso- 
eiation l)cs Chimistes de Sucerie et de Distilleiie, Novem¬ 
ber, 1005, ji. 545; 1005 figures are from Zeitschrift der 
Spiritus-industric, 1000, 29, No. 35,'J'23: 


TABI.E X.—C'OXM MFTION OF OKNATTHKI) Al.l’OIfOr. IN FRANOK, IDOlMUOu, 

JNf'I.l S1\F. 


Purpose for Which Used. 

Healinj^ and lighting. 

Varnishes . 

Polishes, etc. 

Plastic materials. 

Manufacture of hats. 

Dyeing and colors. 

Rennet . 

Collodion . 

Chloroform . 

Choral . 

'ranning materials. 

Chemical and pharmaceutical 

products . 

Scientific uses. 

Ethers, fulminates, explosives. 

Total . 


lyon. 

lyot. 

1905. 

Gallons. 

Gallons. 

Gallons. 

6.922,218 

7,r.54,2.S7 

8,326,084 

205.909 

228.443 

305,222 

66,095 

47,552 

46,415 

530,851 

495,874 

562,497 

9,642 

6,287 

6.023 

14,054 

10.329 

14,635 

3.751 

2.932 

3,910 

3,857 

7,185 

11,016 

9.959 

4,596 

4,914 

6,499 

7,978 

10.091 

21,081 

40,920 

14,978 

300.652 

1,82,410 

178,843 

13.710 

22,824 

31,515 

1,687,495 

2,375,342 

2,961,900 

9,895,773 

11,186,959 

12,478.043 


'Phe cost of denaturing in P’rauee is quite heavy, as is 
shown by the following table giving the amounts and 
costs of the denaturants, which must he added to each hec¬ 
toliter (100 liters tapial to 2(1.42 gallons) ; 


15 liters of methyline (wood alcohol). 19.50 

*/.) liter heavy benzine. .SO 

1 gram malachite green. .06 

Total coat of denaturants for 26.42 gallons. 19.86 

Equal to. |3.70 
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.V fair average price for the market value of crude alco¬ 
hol ill France is $5.21 per hectolitei', or 20 cents per gallon. 
The price, of course, fluctuates somewhat in France, as it 
<loes elsewhere. When we add to this [irice the cost of 
ilenaturing, as given above, we have a total cost of $8.91 
I'or 1151/2 liters—about .'?() gallons of denatured alcohol. 
The net cost per gallon of industrial alcohol in France, in 
ordinary times, is, therefore, about ,‘5() cents. 

IV.-GREAT BRITAIN. 

The following table is taken from the Keport of the 
English Industrial Alcohol Fommittee, 1905, and shows 
the (juantity of denatured alcohol produced in Great Brit¬ 
ain during the years 1900 to 1904: 


TAin.K XII. 



Ordinary 

Mineralized 


Year. 

methylated spirit. 

methylated spirit. 

Total. 

190(1 

2.0.18,450 

1,328,102 

3,380,612 

1901 

2,075,514 

1,439,243 

3,514,757 

1902 

2,157,127 

1,410,003 

3,567,730 

1903 

2.213,5X0 

1,404,072 

3.078,252 

1904 

02,139,784 

1,527,573 

3,607,357 


a Decrease mainly due to the fact that certain firms were allowed 
to denature alcohol by other substances than wood naiihtha. 

Until within the last few years the British alcohol sup¬ 
ply has been drawn largely from Gennany, but the impor¬ 
tation of German ])lain alcohol to be denatured for indtis- 
trial imrposes has now almost entirely vanished. The 
prices have been governed mainly by the tpiantity of pota¬ 
toes available in eastern Europe for conversion into alco¬ 
hol. They show% therefore, the same wide variations as 
Germanv, and are for the last five vears of importing: 
]8.(;, 1:5.8, 17.2, 28.5, and ;5().8;5 cents per gallon. 
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V.—BELQIUffl. 

The tax on denatured alcoliol to he used for industrial 
purposes was removed in 180(1 hy tlie Belgium govern¬ 
ment. The increase in the use of alcoliol for such purpose 
has been rapid since 189C, as is seen in the following table: 


1896 

1897 

1898 

1899 

1900 

1901 

1902 


TABI.E XTII. 

fJallons. 

. 126,668 

. 284,211 

. 290,316 

. 286,711 

. 426,178 

. 67.6,447 

. 924,421 


Thei'e was used, therefore, in Belgium, seven times as 
much denatured alcohol in 1902 as in 1896. 
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APPENDIX. 


OIKOITLAII NO. 680. 

SI’UCIKUWI'IONS you MIOTHYI. AI.C’OUOI, AND JiENZJNE, SUB¬ 
MITTED FOE A^’PKO\^\U AS DENATUKINO MATERIALS. 

Treasuiy Department, 

Office of the 

Oominiasioner of Internal Devenue, 

Washinj^ton, 0(‘tober 30, 1906. 

The second parasrapli of section 1 of tlie act approved 
June 7, ]90(), for tlie withdrawal from bond, tax free, of 
domestic alcohol to be I'cndered unfit for beverage oi- liquid 
medicinal ])ur])oses by the admixture of denaturing ma¬ 
terials, ])rovides as follows: 

The cIiaratTer and quantity of the said denaturing material and the 
<onditions upon which said alcohol may be withdrawn free of tax shall 
be f)rescril)ed by the Commissioner of Internal Revenue, who shall, 
v/itn the approval of the Secretary of the Treasury, make all neces¬ 
sary regulations for carrying into effect the provisions of this Act. 

Dursuant to this authority, and in conformity with the 
terms of section 26 of regulations No. 30, the following 
.si)ecifi<'ations arc prescribed for methyl alcohol and ben¬ 
zine submitted for ai>proval as deuaturiug materials. 

METIIVL ALCOJIOL. 

The methyl alcohol submitted must be partially purified 
wood alcohol obtained by the destructive distillation of 
wood. It must conform to the following analytical re¬ 
quirements : 

('olor .—This shall not he darker than that jiroduced by 
a freshly prepared solution of 2 o. c. of N/10 iodine diluted 
to 1,000 c. c. with distilled water. 

411 
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Specific gravity .—It must have a siiecific gravity of not 
more than ().8.‘K) at G0° F. (15.5(1° C.), corresponding to 91° 
of Tralles’ scale. 

Boiling point .—One liundred c. c. slowly heated in a 
flask under conditions as described below must give a dis¬ 
tillate of not less than 90 c. c. at a temjicrature not exceed¬ 
ing 75° C. at the normal pressure of the barometer (700 
mm.). 

One hundred c. e. of wood sjiirit are run into a short¬ 
necked copjier flask of about 180-200 c. c. capacity, and tlio 
flask placed on an asbestus ])late having a circular opening 
of 50 mm. diameter. In the neck of this flask is fitted a 
fractionating tube 12 mm. wide and 170 mm. loug, with a 
bulb just 1 centimeter below the side tube, which is con- 
necte<l with a Liebig’s condenser having a water jacket 
not less than 400 mm. long. In the upiier opening of the 
fractionating tube is placed a standardized thermometer, 
so adjusted that its mercury bulb comes in the center of 
the bulb. The distillation is conducted in such a manner 
that 5 c. o, pass over in one minute, ’fhe distillate is run 
into a graduated cylinder, and when the temjierature of 
75° C. has been reached at the nonnal barometric pressure 
of 760 mm. at least 90 c. c. shall have lic'en collected. 

Should the barometer vary from 760 mm. dining the 
distillation, 1° C. shall be allowerl for every variation of 
30 mm. For examiile, at 770 mm. 90 c. c. should have dis¬ 
tilled at 75.3°. and at 750 mm. 90 c. c. should have dis¬ 
tilled at 74.7° (’. 

Miscibility irith water .— It must give a dear or only 
slightly opalescent solution when mixed with twice its vol¬ 
ume of water. 

Acetone content .—Tt must contain not more than 25 or 
less than 15 grammes per 100 c. c. of acetone and other sub¬ 
stances estimated as acetone when tested by the following 
method (Messinger) : 
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Determination of acetone .—1 c. c. of a mixture of TO e. 
c. wood naplitlia with 90 <*. e. of water is treated with-10 

e. of double normal soda solution. O'hen oO e. e. of N/10 
iodine solution are added while shaking', and the mixture 
made acid with dilute sulj)hnri(‘ aeid three minutes after 
(he addition of the iodine. The excess of iodine is titrated 
hack with N/10 sodium thiosulphate solution, using a few 
drops of starch solution foi' an indicator. From 1.5.5 to 
25.8 c. c. of N/10 iodine solution should he used by the 
st)irit. 

1'he solution should he ke])t at a tenpHU-ature between 
15° and 20° 0. 

(ialciilation: X grammes of acetone in 100 c. e. of 
s|)iiit. 

}' number of c. c. of N/10 io<line solu¬ 
tion reipiired. 

N volume of spirit taken for titration. 

y X o.o9(;(i72 

Tlum X - 

N 

/'/.s/cr.s'.— ft should contain not more than 5 grammes of 
est(us ])er 100 c. c. of spirit, calculated as methyl acetate 
and determined as follows; 

Five c. c. of wood sjiirit are run into a flask, and 10 c. o. 
normal sodium hydro.xide free* from carbonates are added, 
and the flask connecte<l with a return condenser and boiled 
for two hours. Instead of digesting at boiling temperature 
the flasks may be allowed to sfand over night at room tem¬ 
perature, and then heated on a steam bath for thirty min¬ 
utes with an ordinary tube condenser. The licpiid after 
digestion is cooled and titrated with normal sulphurio 
aeid, using phenolirhthalein as an indicator. 
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Metliyl acotatc, graiiiniGs j>er 100 c. e. of spirit = 
0.074 X c. c. of iV/soila re<iuired X 100 


e. c. spirit taken. 

Bromine ahsorption .—It must contain a suflSeient quan¬ 
tity of impurities derived fi’om tlie wood, so tliat not moi'(‘ 
tlian 25 e. c. or loss tlian 15 e. e. sliall be re<iuired to <lo- 
colorize a standard solution containinf? 0.5 f^ramnu; of 
bromine, as follows: 

ddie standard bromine solution is made by dissolviiif? 
12.40() f'rammes of potassium bromide and d.481 grammes 
of jmtassium bromate (which is of tested ]mrity and has 
been dried for two hours at 100° (h) in a liter of watoj-. 
Fifty c. c. of the standard solution containing 0.5 gramme 
of hromine ai'e ))laced in a glass-sto))pered flask having a 
capacity of about 2(K) c. c. This is acidified hy the achlition 
of 10 c. c. of diluted sulphuric acid (1 to 4), and the whole 
shaken and allowed to stand a few minutes. The wood al¬ 
cohol is then allowed to flow slowly into the mixture, dro)) 
by drop, from a burette until the color is entirely dis¬ 
charged. The temiau ature of the mixture should be 20° ('. 

In addition to the above requirements the methyl alcohol 
must be of such a character as to render the ethyl alcohol 
Avith which it is mixed unfit for use as a beverage. 

hunzinr. 

The benzine submitted for aiiproval must be a liydro- 
carbon ])roduct derived either from petroleum or coal tar. 
If derived from ])etroleum, it must have a s])ecific grav¬ 
ity of not less than 0.800. If derived from coal tar, it 
must have a boiling i)oint of not less than 150° or more 
than 200° C. 

It must be of such character as to inq)art a decided calor 
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to etliyl alcohol when mixed with it in the proportion of 
one-half of one part by volume. 

John W. Yerkes, 

Commissioner. 

Approveil: 

C. II. Keep, 

Acting Secretary of the Treasury. 


A OF 




BEGUT.ATrONS NO. 30. 

UNITED STATES INTEUNAU KEVENUE. 


REGULATIONS ANU INSTRUCTIONS CONCERN¬ 
ING DENATURED ALCOUOL, UNDER THE 
ACT OF CONGRESS OF JUNE 7, 190G. 


Septembek i2!), 1906. 


Sec. 1. The following regulations are issued pursuant to 
an act of the Congress providing for the withdrawal from 
bond, ta.K free, of domestic alcohol to be rendei’cd unfit for 
beverage or licpiid medicinal uses by the admixture of de¬ 
naturing materials: 

The act in question is as follows: 

Be It enacted hy the Senate and House of Representatives of the 
United Stales of America in Congress assembled, Th.nt from and aflur 
January first, nineteen hundred and seven, doniestie alcohol of such 
degree of proof as may be prescribed by the Commissionei- of Internal 
Revenue and approved by the Secretary of the Treasury, may be with¬ 
drawn from bond without the iiayment ol internal-revenue tax, for use 
in the art-s and Industries, and for fuel, light, and iiower, provided 
said alcohol shall have been mixed in the presence and under the 
direction of an authorized Government officer, after withdrawal from 
the distillery warehouse, with methyl alcohol or other denaturing ma¬ 
terial or materials, or admixture of the same, suitable to the use for 
which the alcohol is withdrawn, but which destroys its character as a 
beverage and renders it unfit for liquid medicinal inirposes: such de¬ 
naturing to be done upon the application of an.v registered distillery 
in lienaturing bonded warehouses specially designated or set apart for 
denaturing purposes only, and under conditions prescribed by the 
Commissioner of Internal Revenue with the approval of the Secretary 
of the Treasury. 

41lt 
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The character and quantity of said denaturing material and the con¬ 
ditions upon which said alcohol may be withdrawn free of tax shall be' 
preRCiibe<l by the Commissioner of Internal Keveinie, who shall, with 
the approval of the Secretary of the Treasury, make all necessary 
regulations for carrying into effect the provisions of this Act. 

Distillers, manufacturers, dealers, and all other persons furnishing, 
handling, or using alcohol witlulrawn from bond umler the provisions 
of this Act shall keep such books and rcconls. execute such bonds, and 
rendei such returns as the Commissioner of Internal Revenue, with 
the aiiproval of the Secretary of the Treasur>, may by regulation re¬ 
quire. Such hooks and records shall be open at all times to the inspec¬ 
tion of any internal-revenue officer or agent. 

Sec. 2 That any person who withdraws alcohol free of lax under 
the provisions of tliis Act and regulations made in pursuance thereof, 
and who removes or conceals same, or is concerned in removing, de¬ 
positing, or concealing same for the purpose of iireventiiig the same 
from being denatui'ed under governmental supervision, and any person 
who uses alcohol withdrawn from bond under the jirovisions of section 
one of this Act for manufacturing any beverage or liquid medicinal 
preparation, or knowingly sells any beverage or liquid medicinal 
preparation made in whole or in part from such alcohol, or knowingly 
violates any of the provisions of this Act, or who •shall recover or 
atl'-nipt to recover by redistillation or by any other process or means, 
any alcohol rendered unfit for beverage or liquid medicinal purposes 
under the provisions of this Act, or who knowingly uses, sells, con¬ 
ceals, or otherwise disposes of alcohol so recovered or redistilled, shall 
on conviction of each offense be fined not more than five thousand dol¬ 
lars, or be imprisoned not more than five years, or both, and shall, in 
addition, forfeit to the United States all personal property used in 
connection with his business, together with the buildings and lots or 
parcels of ground constituting the premises on which said unlawful 
acts are performed or permitted to be performed: Provided, That 
manufacturers employing processes in wliich alcohol, used free of tax 
under the provisions of this act, is expressed or evaporated from the 
articles manufactured, shall he permitted to recover such alcohol and 
to have such alcohol restored to a condition suitable solely for reuse 
in manufacturing processes under such regulations as the Comm.s- 
sloner of Internal Revenue, with the api>roval of the Secretary of the 
Treasury, shall jireseribe. 

Sec. 3. That for the employment of such ad<litional force of chem¬ 
ists. internal-revenue agents, inspectors, deputy oolleetors. clerks, la¬ 
borers, and other assistants as the Commissioner of Internal Revenue, 
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with the approval of the Secretary of the Treasury, may deem proper 
and necessary to tlie prompt and efficient operation and enforcement 
of this law, and for the purchase of lochs, seals, weighing beams, gaug¬ 
ing instruments, and for all necessary expenses incident to the proper 
execution of (his law, the sum of two hundred and fifty thousand dol¬ 
lars, or so much thereof as may be required, is hei-eby appropriated out 
of any money in the Treasury not otherwise apijropriated, said appro¬ 
priation to be immediately available. 

For a period of two years from and after the passage of this act the 
foree authorized bj’ this section of this act shall be appointed by the 
Commissioner of Internal Revenue, with the approval of the Secretary 
of tile Treasniy, and without compliance with the conditions prescribed 
by the act entillc<l “An act to regulate and improve the <‘ivil sei'vice,” 
approvo<i January sixteenth, eighteen hundred and eighty-three, and 
amendnienis thereof, and with such compensation as the Commissioner 
of Internal Revenue may fix, with the approval of the Secretary of the 
Treasury. 

Sec. 4. That the Secretary of the Treasury shall make full report 
to Congress at its next session of all apiiointnients made under the 
provisions of this act, and the comtiensallon jiaid thereunder, and of 
all regulations presenbed under the provisions hereof, and shall fur¬ 
ther report what, if any, additional legislation is necessary, in his 
opinion, to fully safeguard the revenue and to secure a proper enforce- 
ment of this act. 

Approved, June 7, 1906. 


Part T.* 

DENATPKING BONDED WAREHOUSES. 

Sec. 2. The proprietor of any registered distillery may 
witlidraw from his distillery warehouse, free of tax, alco¬ 
hol of not less tlian 18(i degrees ])roof or strength, to Ije 
denaturoil in the manner hereinafter })roserihed. 

A distiller desiring to witlidraw alcohol from bond for 
denaturing jiurposcs under the jirovisions of this aet shall, 
at his own expense, provide a denaturing bonded ware¬ 
house, to he situated on and eonstitnting a iiart of the dis- 

• Persons desirine information as to distilleries will be supplied on 
request with the proper regulations. 
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tillerj' premises. It sluill be se|iiiiate(l from the distillery 
and the distillery bonded warehouse and all other buihl- 
ings, and no windows or doors or other oiienings shall bi* 
jiennitted in the walls of the denaturing bonded ware¬ 
house leading into the distillery, the distillery bundl'd 
warehouse oi' other room or building, exee]>t as herein¬ 
after lu'ovided. It must be eonstrueted in the same man¬ 
ner as distillery bonded warehouses are now eonstrueted, 
with view to the safe and seeure storagi* of the alcohol re¬ 
moved theri'to for denaturing jiurposes and the denaturing 
agents to be stored thei'eiu. It must be ajiproved by tlie 
(’ommissioner of Internal Keveuue. It shall be provided 
with closed mixing tanks of sufficient capacity. 'I'lie caiiac- 
ity in wine gallons of each tank must be ascertained and 
mai'kcd thereon in legible letteis, and each tank must be 
supplied with a graduated gla.ss gauge whereon the con¬ 
tents will be at all times correctly indicated. All openings 
must be so ari’anged that they can be securely locked. Suit- 
atile office accommodation for the officer on duty must be 
Ijrovided. 

Wee. d. The denaturing bonded warehouse shall be used 
for denaturing alcohol, and for no other juirpose, and noth¬ 
ing shall be stored or ke])t therein excejit the alcohol to bo 
denatured, the materials used as denaturants, the denatured 
jiroduct, and tlie weighing and gauging instniments and 
other ap[)lianees nci'cssary in tlii' work of denaturing, 
measuring, and gauging the alcohol and denaturing ma¬ 
terials. 

Those bonded warehouses must be numbered serially in 
each collection district, and the words “ Denaturing bonded 

warehouse No.-, district of -,” must be in jilain 

letters in a ('onspicuous place on the outside of the build- 
ing. 

In case the distiller’s bond has been executed before the 
erection of such warehouse the consent of the sureties to 
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the estahlisliiiient of tlie deiiatmiiifif warehouse must be 
secured UTid entry <luly signed made on the bond. 

DKNATrilINO MATEIOAI. KOOM. 

See. 4. There sliall be ])rovidcd witliin the denaturing 
honded warehouse a room to be designated as the denatui’- 
ing material room, d’his room is to be used alone for the 
storage of denaturing mahunals i)rior to tlui denaturing 
])roeoss. It must be ])erfeetly secure, and must bo so con¬ 
structed as to render it imjjossible foi' anyone to enter dur¬ 
ing the absence of the officer in charge without the sanu* 
being detected. 

The ceiling, inside wadis, and flooi- of said room must 
be constructed of brick, stone, or tongue-and-groove [danks. 
If there ai'c windows in the room the same must be secured 
by gratings or iion bars, and to each window must be af- 
fi.xed solid shutters of wood oi‘ iron, constructed in such 
manner that they may be securely barred and fastened on 
the inside. I’he door must he substantial, and must be so 
constructed that it can he securely locked and fastened. 

Sec. 5. At least two sets of taid<s or receptacles for stor¬ 
ing denaturing material must he ])rovided, and each set 
of tanks must be of sufficient cajiacity in the aggregate to 
hold the denaturing material wdiich it is estimated tlie dis¬ 
tiller will use for thirty days. A set of tanks shall consist 
of one or more tanks for storing methyl alcohol, and one or 
more tanks of smaller ca])acity for storing other denatur¬ 
ing materials. 4'he capacity of each tank must be ascer¬ 
tained and maiked in legible figures on the outsirle. 

The tanks must not be connected with each other, and 
must be so constructed as to leave at least 18 inches of ojien 
si)ace hctw'ei'n the top of the taidv and ceiling, the bottom of 
the tank and the floor, and the sides of the tank and walls 
of the denaturing material I'oom. Fiach tank shall be given 
a number, and this number must be marked upon it. There 
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sliall bp 110 0 |>eniiig at tlip to]) oxcopt siipli as may be iippps- 
sary for dum|iiiig tlio denaturing material into the lank 
and thorongldy jilunging or mixing the same. Said open¬ 
ing inihst lie eovered so that it may lie locked. Likewise the 
faneet tlirongh wbieli tlie denaturing material is drawn 
must be so arranged that it can be locked. Each tank must 
be .■supplied with a graduated glass gauge wliei'eby the 
contents of the tank will always be shown. 

CUSTODY OK DENATUKINO BONDED WAREIIOITSE. 

Sec. f). The denaturing bonded wareliou.se shall be under 
the control of the collector of the district and shall be in the 
joint custody of a storekeeper, storekeeper-gauger, or other 
designated official and the distiller. 

Xo one shall be ])ennitted to enter the warehouse except 
in the ])resenee of said officer, and the warehouse and room 
shall be kejit (dosed and the doors, exxterior and interior, 
s(K'nrely locked (xxcept when some work incidental to the 
jn-oevss of denaturing or storing material is b(dng carried 
on. Standard Sleight locks shall be used for locking tlu‘ 
denaturing bonded wandiouse and the denaturing ma¬ 
terial room, and they shall be sealed in the same manner 
and with the same kind of seals as distillery boiuhnl wnire- 
honses and cistern rooms are now sealed. Miller l<Kd<s shall 
he us(n 1 in si^curing the faucets and openings of the ndxing 
tank's and the denaturing material tanks. 

The officer in charge of the denaturing bonded ware- 
housiy material room, and tanks shall carry the keys to 
same, and nndew no circumstaiu'cs ar(> said keys to be in- 
trush^d to any one except another officer who is duly au¬ 
thorized to receive tlu'm. 

Al>J»t-lCATIO.N FOK APPllOVAU OF DENArUBINC BONDED WARE¬ 
HOUSE. 

Sec. 7. Whenever a distiller wishes to commence the 



422 


INDITSTKIAL ALCOHOL 


business of denaturing aleoliol be must make written ap¬ 
plication to tlie collector of the district in which the distil¬ 
lery is located for the ap{)roval of a denaturing bonded 
warehouse. 

SiK-h a|)])lication must give t)ie name or names of the 
])erson. tirjn, or corporation operating the distillery, the 
number of the distilleiy, the location of the same, the ma¬ 
terial of which the warehouse is constructed, the size of 
same, width, length, ajid height, the size of the denaturing 
material room ther(*in, and the manner of its construction, 
the ca])aci1y in gallons of each tank to be used for denat¬ 
uring alcohol or for holding the denaturing agents, and the 
material of which said tanks are constructed. 

Such application must be ac(!omf)anied by a diagram 
coireclly I’c^jnesenting the warehouse, the mixijig tanks, 
denaturing matei ial room, and denaturing material tanks, 
with all ojienings utkI surroimdiTigs. It must show the dis- 
tilleiy and all the distillery bonded warehouses on the 
]n‘emis('s, with dimensions of each. 

The ap|)li<‘ation may be in the following fonn: 

To roUcclor of - lUatru t of -. 

Sik: The undeisisiieil--- (loiiiK business under the name 

or style of-hertdjy makes applioation for the approval of a de¬ 

naturing bonded warehouse which he has provided as required by law, 
situated U|ion and constituting a part of the premise.s known as Dis- 
tilleiy No-at-. in the county of -, and State of-. 

Said lienaliiring warehouse is constructed of 


(Here doscriho accurately the denaturing warehouse, giving the 
height, width, and depth; the mixing tank or tanks and the capacity of 
each in gallons, also the size in height, width, and depth of the de¬ 
naturing material room; the denaturing material tanka, and the ca¬ 
pacity in gallons of each; also the openings of the denaturing ware¬ 
house and denaturing material room.) ---, 


Distiller. 
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EXAMINING OFFK'KII TO INSPECT WAREHOUSE. 

See. 8. I’poii Topeipt. of llio apiilioatioTi and apponi]iany- 
iiitf diaf^ram tlii' collpctor shall detail oiio of liis dejiuties or 
sonic other oflicor who shall visit the distillery and make 
a earefni examination of the pro]»osed <lena(iirin,s>‘ bonded 
warehouse. 

Such officer shall aseertain whidlier or not said ware¬ 
house and mixing tanks and denaturiny^ material room and 
tanks are eonstrueted in eonfonnity with the ri'gulations, 
tlie statemimts made in the application, and tlie r(>presen- 
tations on the diagram. 

Sec. !). If the deputy' collector finds that the stahanents 
in th(> a|)])iication are true and tliat the dcnatuiing w’are- 
liouse and material room are constructed in conformity 
with tlie law and regnlations, lu* shall make rejiort and re¬ 
coin inendatioii in the following form : 

1 hfTpby oertify (lun I have visitoR the ilislillery prcrnlse.s Roseriheil 
in !he fores-oins a|i|)li<':i(ion lor the ajipi-ovai of a w.irehoiiso in which 

to lienatnre alcohol by-liropriclor of (listillory No,-in the 

district of-and have carefully examined llie iiroposed warelionse 

and niixitiK tanUs, and (lie denalnrinn malerial room and (anUs; thal 
1 have measured said warehouse, room, and lanks, that I have exam¬ 
ined said distillery premises, and Ihc distillery and distillei'y bonded 
warelioiises localed thereon, and have found the statements and repre- 
setitalioms made in the aiiplication and diagram liereto attaelted to he 
in every respect true and I’orrect, 

I find that said iiroposed denattiriiift warehouse, mixint? lanks, de¬ 
naturing material room, and denaturing material lanks, and every¬ 
thing connected with the same are eonsi meted in striet eonforniity 
-wilh all requirements of the law and legiilalions. 

I recommend that smd denaturing warehouse he approved. 


Deputy (Uilierttj} - Dtatriel of- 


This rejiort shall bo tiffixed to tht' application. 
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APPROVAI^ OF WAREHOUSE. 

See. 10. Tlie oolloetov .shall examine the deputy’s report 
aud if, after siieh examination, he is satisfied that the ware¬ 
house and all its parts are eonstrueted in eouformity with 
the law and regidations, he shall indorse his ap])roval on 
tlie apjdiearioii iind shall transmit the original, together 
with the diagram, to this office. 

If the (''ommissioner of Internal Itevenue is satisfied, 
alter examining the application and reports, that the de- 
Tiaturing warehouse' is situated and constructed in compli¬ 
ance with the law and regulations, he shall approve same 
and notify the collector of said approval. 

UENATUniAG WAREHOUSE BONO 'I’O BE GIVEN. 

Sec. 11. After receipt of notice of the api>roval of said 
warehouse the distiller may withdraw from his distillery 
warehouse, free of tax, alcohol of not less than IHO degree.s 
proof or strength, and may denature same in said denatur¬ 
ing warehouse in the mannei- hereinafter indicated, i>ro- 
vided he shall first execute a bond in the foi'm ]irescrihed hy 
the Commissioner of Internal Revenue, with at least two 
sureties, unless, under the authority (‘ontained in an act aj)- 
proved August l.'l, 18i)4, a corporation, <luly authorized hy 
the Attorney-Ceneral of the ITnited States to become a 
surety on such bond, shall bo offered as a sole surety there¬ 
on. I'he bond shall be for a penal sum of not less than 
double the tax on the alcohol it is estimated tin' distiller 
will denature during a ]ieriod of thirty days, and in no 
case is the distiller to withdraw from bond for denaturing 
purposes and have in his denaturing warehouse in process 
of denaturation a quantity of alcohol the tax upon which 
is in excess of the iienal sum of the bond. 

Sec. 12. Tf, at any time, it should develoj) that the de- 
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naturins warehouse bond is insufficient the distiller must 
give additional bond. 

See. 13. The bond herein ])i ovide<l for must b(! e.xeeuted 
before the distiller can withdraw from distillery bonded 
■warehouse, free of ta.x, alcohol to be denaturi-d, and if he 
desires to continue in the business of dmiaturing alcohol, 
said bond must be renewed on the first day of ^lay of 
each year or before any alcohol is withdrawn from bond 
for denaturing purpo-ses. ft must l)e (>xecnted in dupli¬ 
cate in accordance w'ith instructions ])rinted thereon. One 
co])y is to be retained by th(‘ collector and on(‘ copy is to be 
transmitted to the Oominissioner of Internal Revenue. 

It shall be in the following form: 

^)^^ATLHt^(; WARFinn’si, noNi). 

KN’OW AIX AfKN RY TIIKSF. I’KI Sl'MS: ''lliat WC.-Of-. 

as princijial, and ---of-, as sureties, are held and 

firmly bound 1o the Umtku Statks ok Amkkka in the full and just 

sum of - dollars, lawful money of the United Slates; to which 

payment, well and truly to be made, we hind ourselves jointly and 
severally, our several heirs, executors, and administrators, firmly by 
these jiresents. 

Sealed with our seals and dated the-day of-, 190—. 

The condition of the foregoing obligation is such that whereas the 
above bounden principal, under the provisions of tbe act of June 7, 
1906, has constructed a warehouse for denaturing alcohol on the 

premises of distillery No.-. situated at-in the county of 

_^ State of-. and said warehouse has been duly approved; 

and whereas said principal intends to witlidraw from the distillery 
bonded warehouse belonging to said distillery and situated on the 
distillery premises, alcohol free of tax for the purpose of denaturing 
same in the denaturing warehouse; 

Now, therefore, if the aforesaid principal shall ujhwicdinfcfy upon 
the withdrawal from the distillery bonded warehouse aforesaid of a’l 
alcohol intended for denaturing purposes transfer same to the denatur¬ 
ing warehouse aforesaid, and in said denaturing warehouse, denature 
said alcohol in accordance with the terms of the entry for withdrawal 
of same and in conformity with the law and all rules and regulations 
duly prescribed in relation to the denaturing of alcohol; and if said 
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principal shall in the transferring from distillery warehouse to dena¬ 
turing warehouse, and In the handling and disposing of said alcohol, 
comply with all the law and regulations aforesaid; if he shall pay the 
tax of one dollar and ten cents per proof gallon on all alcohol with¬ 
drawn by him from distillery bonded warehouse free of tax for de¬ 
naturing piirijoses and disposed of in any manner, cither in transit 
from the distillery bonded warehouse to the denaturing warehouse or 
after it has been deposited in the denaturing warehouse, without first 
having denatured said alcohol in such manner as may have been pre¬ 
scribed by the Commissioner of Internal Revenue, with the approval of 
the Secretary of the Tieasury, and if he shall pay all penalties in¬ 
curred by him and all fines imposed on him for violation of any of 
the provisions of the law relating to the withdrawal of. transferring 
of, denaturing of. and disposing after denaturation of alcohol, with¬ 
drawn free of tax. then this obligation is to be void, otherwise, to re¬ 
main in full force and effect. 


Sec. 14. The eolleotor. upon receipt of the hoiid, shall 
examine same and investigate as to the smcdies tliereon. 

If he finds the bond iJiopcrIy executed and the sureties 
sufficient, he shall a])prove the bond, and thereafter, during 
the life of the bond, the distilko’ may withdraw from his 
distilleiy Avarehonse, fiee of tax, alcohol to he denatured 
under such regulations as may hereinafter be i^rescribed. 

COXIU'J’IOXS C.NDKR AVllICIl AUCOIIOI. IS WITnOKAWN. 

See. In. Not less than three hundred (300) wine gallons 
of alcohol can bo withdraAvn at one time foi’ denaturing 
purjiosos. 

When a distiller, who is a producer of alcohol of not less 
than 180 degrees jiroof and wdio lias given the denaturing 
warehomso bond as aforesaid, desires to remove alcohol 
from the distillery bonded warehouse for the purjiose of 
denaturing, he will himself, or by his duly authorized 
ngent, file with tlie collector of internal revenue of the dis- 
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triet in ■which the distillery is locateil, the following notice 
in triplicate: 


MUlt'h, OF INTENTION TO WITTFDRAW I’OK IHANSFI'K TO Dl'.NATrUlN’tj IlONDEI) 

WAUFIJOl SK. 


. 100 —. 


Collerior - District of - 

Silt: The niiderhigneij disUlIer nrid owner of-parhases of alco¬ 

hol, the serial numbers of which arc ———, uroduccd at disfillery 

No. 1 , in the-disirict of —-. and now .stored in the distillery 

bonded warehouse No.-at said distillery, desires to withdraw same 

under section 1 of the act of .June 7. UtOth for denaturing purposes, 
and letjuests (hat said spirits be regagcal.'* 

Kespectfiilly, 

--, Distiller. 

Sworn to before me this-day of-, lijo— 


-[seal.] 

( poll tlio ro<*('pt of siu'ii riotith* tlit* ('olk'ctor will at once 
apjtend to eacli copy tlie followino-: 


coi.i.i-.croids oimEit 10 <.ai (jku. 

OlI KE OF CoiT.ECTOR OF lNThI{V\T, REVENUE. 

- DiSTIHCr,-. 

Siu: You will jiroceed to distillery warehouse No.-, of-, 

at-. and there ins[)ect and gauge, according to law' and regula¬ 
tions, the alcohol which-desires to withdraw and transfer to de¬ 

naturing bonded warehouse, and >ou will marh upon each package so 
regaged the number of w’ine gallons and proof gallons therein con¬ 
tained. and you will make report of your gauging on the certificate 
hereunto appended, and sign and drdiver same to applicant. 


Collector. 

Sec. 16. Upon the rccci])t of fho foregoing the officer 
designated will at once proeei'd carefully and thoroughly 
to ius])eet each package, aseertaiiiing the actual wantage, 
])roof, and eouteuts witliout I'ct’ereuee to the marks on the 


If spirits are withdrawn same day as entered omit regage. 
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casks. In case the spirits are withdrawn on day of entiy, 
I'cjfaiiffe is not necessary, and the entry ^auge sliall he ac¬ 
cepted. Tie will make return on eacli copy of the order for 
inspection in the following form: 

(.\lt:KK'N KKI’OKr OK SriHITS (i.Vl'tiKI). 

I hereliy certify that pursuant to the above order the followiuKMlo- 

scribed spirits deposited in distillery bonded warehouse No.-by 

-on the-day of-lOO— have been inspected and 

ranged by me this-day ot - —- - 100— and found to be as follow's: 


Cont«*nts When I)rj>ositod in Wari'hovj.^i'. 


1 Cojitcnts Witen Applit-ation 
i lor Wuhdruwui ih MjMto. 



And I further certify that the difference between the quantity, as 
shown by the marks and stamps on the cask and the quantity as shown 

by my inspection, made in pursuance of the above order, i.s - 

wine,-proof, and-taxable gallons. 


? 7 . Gautjrr. 

TTjion receii)t of the gauger’s report the distiller will iii- 
dor.se thereon an (‘uli y for withdrawal for transfer to de¬ 
naturing bonded waroliouso, which shall ho in the following 
form: 

ENTRY J-OR Wl'l liDKAVVAI. FOK 'I'RAN.SFKIl TO UKVATTUUN(i HONDKO WAKKIKU SE. 

-District, State of-. 

The undersigned requests that the spirits described in the foregoing 
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<?erlificate and report of gauger, now in ilistilleiy }>on(led warehouse 

No.-, owned by-—. and situated in-, county of-. 

State of-, in the-district of said State, may be transferred 

therefrom and delivered into the denaturing bonded warehouse situated 
at my said distillery, to be denaiureil under the provisions of the act 
of June 7. lOOG. 


Marks and 
Numborot: Serial 

Pii( ka>f<*s. iNuwberBof 
l^iijkages. 


Xumt erof 
War’housc 
Stamps. 


Wine 

(iailoiis. 


1 


Dogreeof 

Proof. 


i’roof 'I'nvublo' Ainoiitit 
^lullon'^. Gallons ! ol Tax. 



Dis-ttUcr. 

TAX ('OJ,IJ<:( TEl) ON DEFKTKNOV. 

S<'(\ 17. TT])oii ie(‘ei])t of the forogoiiipj entry for with- 
di';nval, tlie eolk'etor shall exainiiio s.aine, an<l, if it shall 
ai>i)ear from the re])ortof regange, as made by the gauger, 
that there is an excessive loss in any |)aekag(‘, under Use 
]»rovision of the act of August 2H, 18!4, as amemh'd hy act 
of jMareh d, 18!)!), then the eollector shall eolleef the tax on 
sueh deficiency and shall indorse ujion (>aeh eoj)}’ of the 
ord(u- for insiieetion ))ei init for tin*' delivery of the sitirits 
to he transferred to denaturing hondeil warehouse in the 
following form; 

PFItMi r FOR IK.NNSFFR H) DK.X.'STl lUXtl HONDH) WAUI-HOrSF. 

Offu'k of Cfu.i.FcroK or I-X'iucnaf Rfvkxuk, 

— Djsikk i or Mti: St M't or-, 

-^-, iho—. 

Sir: The tax on-gallons of the deficiency of-gallons 

a.scortiiinetl under seotton 50 of the act August 28, 1S94. as amended, 

as shown by the accompanying report of-gauger, having hern paid 

to me and good and suffl<dent denaturing bond, dated —-, 190—, 

having been executed as reciuired by law and filed in this office, said 
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bond covering: all distilled spirits to be transferred from distillery 
bonded warehouse to denaturing bonded warehouse for denaturing pur¬ 
poses. you are hereby directed to deliver said spirits to-to bo 

transferred by him in your presence and under your supervision to 

the denaturing bonded warehouse of said-on his distillery 

premises. 

The gauger will affl.x the proper marhs and brands in your pres Mice. 

--. Collector. 

To - --, storekeeper. 


Sl’IKlTS TUANSFERKF.D 'I'O liH M ARKKD. 

LTpon receipt of tlie permit by the storekeeper the pat'k- 
aj^es ()1 distilled spirits tleserihed in notice' of intention to 
withdraw may be withdrawn from distillery bonded wjtre- 
honse without the })ayment of the tax, and may be trans- 
tei red to the deiniturinfr lionded wandionse on the distillei'y 
})remises; hut before the removal of said spirits from the 
distillery lionded warehouse, the gauffer, in addition to 
marking, cutting, and branding the marks usually recpiired 
on withdrawal of spirits from warehouse, will legibly and 
durably mark on the, head of each package, in letters and 
figures not less than one-half an inch in length, the number 
of proof gallons then a.scertained, the date of the collector ’s 
pemiit, the object for which the spirits were withdrawn, 
and his name, title, and district. 

Such additional marks may be as follows: 

Withdrawn under permit iSKued .ian y 10. 1907 
For Denaturing Purposes 
Proof gallons. 84 
William Williams. U. S. danger. 

5th Dist. Ky. 

ENTRIES IN RECORD 18 AND RKIXIRTS 8() AND 87. 

Sec. 18. In his record 18 the storekeeper will enter said 
tiaekages of spirits in red ink and will show tliat they were 
witlidrawn free of tax for denaturing purjioses. The store- 
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keeper’s rejiorts on Forms 8(5 and 87 sliall also sliow that 
the sjjirits were witlidrawn for denatui'iug puri)oses and 
witliout (he i)ayinent of the tax under the iirovisions of the 
aet of .tune 7, IhOt). 

rmniediately upon the witlidrawal of tlie a])irits, as above 
indieated, tlie storekeeper will transmit the dui)lieate ))ei- 
mit to the eolleetor, who will note upon the oi'iginal {)ermit 
in his [jossession the withdrawal of the spirits therein men¬ 
tioned. 

COLUKCTOU’S i)4a. 

See. 11). 4’he eolleetor will take eredit for all spirits so 
withdrawn, on the ajpiropriate line of his bonded aeeount 
(Form 94a), for the month durinj.^ whieh siK*h withdrawals 
were made. 

Ife will also make ]iroper entry on the inside page of that 
aeeount as to the (piantity covered by each ])ermit, and will 
forwai'd each of such duplicate jK'rmits (with the distiller’s 
entiy for withdrawal) with his bonded account as a 
voucher for such entry. 

smni'i's ■iiiANsi'-EiniEn to denatubino uondeo waheuoxjse. 

See. 20. When the packages of spirits are marked and 
branded in the manner above indieated they shall at once 
in the prx'sence and under the supervision of the store- 
keejier, bt; transferred to the denaturing bonded warehouse. 

RECORD OF .SerUlTS RECEIVED IN DENATURING BONDED WARE¬ 
HOUSE. 

See. 21. The officer in charge of the denaturing bonder! 
warehouse shall keep a record of the s[>irits received in said 
denaturing boniled warehouse from the distillery' bonded 
warehouse and the siririts delivered to the distiller for de¬ 
naturing puriroses. 
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Upon the debit side of said record, in columns prepared 
for tlie purpose, there sliall he entered the date when any 
distilled si)irits were received in denaturing honded wai'c- 
house, the date of the collector’s permit, the date of with¬ 
drawal from distil lei y honded warehouse, the number of 
packages received, the serial numbers of the iiackages, the 
serial numbers of tlie distillery warehouse stanpis, and the 
wine and jiroof gallons. 

Upon the credit side of said rword shall bo entered the 
date when any spirits were delivered to the distiller for de¬ 
naturing ]iuri)oses, the date of the collector’s permit for 
withdrawal, the date of withdrawal from distillei’y bonded 
warehouse, the number of packages so delivered, the serial 
numbers of the ])ackages, the serial numhers of the distil¬ 
lery warehouse stamjis, and the wine and jiroof gallons. 

Immediately uiion the recei])t of any distilled sjiirits in 
the denaturing honded warehouse, and on the same day 
upon which they are received, the officer must enter said 
spirits in said record. 

likewise, on the same date upon which any siiirits are 
deliv'ered to tin* distiller for denaturing ])urposes, said 
s])irits must be entered on said record. 

Sec. 22. A balance must lx* struck in the record de- 
scrihed in above section at the end of the month showing 
the numlKU' of 2 >ackages and (|uantity in wine and [iroof 
gallons of siiirits on hand in jiackages on the first day o-f 
the month, the number of packages and (luantity in wine 
and jiroof gallons received during the month, the number 
of jiackages and (|uantity in wdiie and jiroof gallons deliv’- 
ered to the distiller during the month, and the balance on 
hand in packages and wine and jiroof gallons at the close 
of the month. 

RETLRN ON FORM 8Gb. 

Sec. 23. On all days on which any spirits are entered 
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into tlio denaturing bonded wai’ehouse, or on wliieli any 
s))irits are delivered to tlie distiller for <lenaturinfi pur¬ 
poses, tlie offieer must make in duplicate a return on Form 
8(il) as follows: 

sriKITS KXl'FUF.I) IN llEXATrUINtJ HONDF.D WAHKlfOl SK AM) DKIJVFRKI) TO 
DISTILLKK FOR hh N ATt KA IMON. 

Ilrn uN for tho —■— <lay of-11)0— of distillotl spirits entered 

into am! withdrawn from denaliirinK hondetl warehouse helonj;in^ to 

distillery No-, c.irriod on hy -, in the - collection 

district of the Slate of-. 


KNTHIKS. 


NumlK)!' 

PacKagcs. 

Sfiud 

.N limber 
Vuclingojj. 

S<‘‘nal 
Number 
l>. \V. 8. 

t>ate 

of J»erjult. 

1 

1 Dsiloot 

I Wjtlidrdnal 

1 w. a. 

1* c: 



i 

1 



1 

1 


Kltll S I'O DISTJLIKH RHt DKVATI HI \O I’l'HINlSKS. 


N umbel 
Packuifes. 

Serial 

Number 

Pat^kagfs. 

Sonid 

Number 

1). W. 8. 

Date 

of Pi rmit. 

I)Ult“ ol 
Wilbdi awal. 

w. 

V. <; 









1 heiehy c-ertify that the distilled s|)irils above reported were de¬ 
posited into said denatiiriiiK bonded warehouse or were deliveretl to 
the distiller for denaturing purposes (as the case inaj he) in my pres- 
•enee. and that the information given concerning the serial numbers 
and contents of the iiackages. and The serial numbers of the stamps, 
■was obtaineii by me on actual examination of the innrKs, brands, and 
stamps on said packages and not from any return made by tlie gauger. 


Dated at-this — day of 


•, 190—. 


U. aS. Officer. 
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Ml)NTi[I.V HKTrUN' OK SIMIiirS ION'n;H HI) IN WARHIIOUSK AND 
1)101,1 VI.HI0D 'I'O DlS'l’ll.OlOll. 

So(‘. 24. Tlic officer in cliargo of flic (Icnatniiiiff bonded 
warelioiise must also make in diijilieafe af the end of eaeli 
montli and forvvaril to tlu' Collector of Internal Itex’cnue a 
inontld>' reinrn to be a franseript of and to be made up 
from till' officer’s record ISb. 

Said return must show in detail flic sjiirils dcpositi’d in 
the denatnrin,<>' bondcil wai'chonsi*. also Ihe spirits <lcli\crcd 
to the distiller for denaturin')' purposi's and the spirits re- 
mainiipa' in the dcnaturin,i>' bonded warcliousi) at the end of 
the month. Separate ('iitries must b(' made of each day’s 
work and ihe s|)irits must bi' described in the same man¬ 
ner as they are in the return .Stib and the book, Form JSb. 

OFKK'K FORM tol). 

See. 23. Collectors, in whose districts alcohol is liciipic 
withdrawn from bond for denalnrinj>' purposes, shall pi'o- 
\ ide themselves with a record (Office Form lob) in which 
shall b(‘ kept the individual account of each distiller in the 
district who has (|ualifl(‘d for the purjiose of d(>naturiny al¬ 
cohol. This record is to be made U)) from reports on h’orm 
<S7b. Tt must show the date n|ion which any spirits wert) 
deposited in denaturing- warehouse, the serial numbers of 
the packages dejiosited, the immb()r of jiackages and the 
)iroof gallons. Said ri'cord must likewise show in d(‘tail 
the deliveries to the distillers for denaturing purimses. 

DKN A'l'l'RINO AmiN 'I'S. 

COMKLK'rnnv dunatcrkd au-oiiou. 

Sec. 26. Unless otherwise sjiecially iirovidcnl, the agents 
used for denaturing alcohol withdrawn from bond for de¬ 
naturing ])urpos<>s shall consist of irndhyl alcohol and ben- 
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ziii<‘ in tlie followiiif? [iiojiortions: 4\) ovoiy ono liimdrcd 
])arls by voliiiiu' <il' (dliyl ali'oliol (d' the dc'sired priiDl' (ikiI 
less tlian ISO ) IIkmc' shall Ix' addix] Icii pails by vdIiuiic 
ol' appr(i\’c'd imibyl alcolidl and (inc'liall’ (d' niic part by 
vidunic (d’ a|ipr(i\'<‘<l bcii/.inc; loi’ cxaniph". In every 101) 
ji'allons (d'elbyi alenliol (<d tad less than ISO prixd') there 
siiall be add(“i] 10 i;alhins of approN’ed nietlis I aleohol and 
' .j afallon el' apjn'dX’ed benzine. Al(-(ih(d thus d('nalnrc‘d 
shall he classed as e<)in|d(‘t(d\' denafnred aleolnd. 

Meth\ I ah'ohol and b('nzine inlendixl t'oi' use as denatur- 
anls must be submitted I'er eheinieal test and must eonl'ovin 
fn the sjieeiiieations which shall be hereat’ler duly pre¬ 
scribed. 


nnxATi'UA.x'i's ma'csri'Ki) i.\ W AKrainrsi’,. 

See. '27. .\s the distilh'r’s bu.siness dennands, he !na>' 
brills;' inte the d(‘naturin,s;' bmided warehmise, in sueh re- 
eejdaeles as he may wish, any authorized denatiirant. Sueh 
deeaturants shall at once be deposited in the inateriid 
rooin ; therealter they shall lu' in the custody and under the 
control of the oflieer in ehai'n'c' (d’ th(> waiehouse. Ibd'orc' 
anv denalurant is used if must he dumped into the appro¬ 
priate tank and after the eonfeids have beini thoroughly 
nii.xed, a sample of oik* pint taken tlK'i'el'rom. 'I’his sam|de 
must be forwarder! to the |U'oper ollieer for analysis, 'flu* 
otlieer will then securely close and se;d the tank. 

No jiart of tlu* eont(>nls (d* Mie lank can Ik* nsrxl until the 
sample has b(‘i'n ollicially tested and approx'ed, and report 
of such test madr* to the ollieer in charye of tin* war<>house. 

If tlu* sample is approN’cd the contents id’ the tank shall. 
u])on tlu* receipt of the report, become an ap|)ro\’<>d dena 
turant and the ollieer shall at once remove the seals and 
placi* flu* tank under f;'ov(‘rnnK“nt lor-ks. 

If tin* sainph* does not nii’et the reiinirements id' tlu? 
speeilications, tlu* otlict'r shall, upon the receiid of the re- 
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poll of non-appro\'al, permit tlu‘ dislillci’, provided he do- 
sins, to treat or manipulate the })roj)osed deiiaturaiit so as 
lo I’euder it a eompetent deiiaturaut. tn sueli ease another 
sample must h(' suhmitted I'or ap]U()val. If the distiller 
does uol desire to furlher treat tlie deuaturaut, the offieer 
shall reipiire him immediately to remove the eouteuts of 
the tank from the premises. 

lii'.eoiu) or DKjs)A'rrit.'VNTs UKe,Eivsi>. 

See. l2R. The ofifieor shall kee]i a chmaturina^ material 
I'oom r(*eord. ’^fliis na-ord shall show all material entered 
into and remo\ed from the denaturiuj' material room. 

There shall be i)ro])er eolumus on the dchU. side in which 
are to he entered the dale when any material is rweived, 
the name and residence of the person from whom received, 
the kind of material, the ipiantity in wine ajallons, and, if 
methyl alcohol, in jnoof gallons, the dal(‘ upon which the 
material was dumped into the tank, the nnmher of the tank, 
the date ujion which sample was forwardc'd, and the num¬ 
ber of the samiile, and the result of the official test. 

f)n the crcd'il sidt' of said n'cord shall he (mtered, in pro- 
])er columns, the date upon which any mahnaal was I’e*- 
moved fT'om the denaturing matei'ial room for (hmatuiang 
puri)oses, tin* kind of matei’ial, the number of the tank 
from which taken, the mmihei’ of the samjile reju’esenting 
the tank and s<mt for official test, the number of wine gal¬ 
lons, and, if methyl alcohol, the number of ])roof gallons. 

MON’niLV KETl’liNS OF DKNA’rUIiANTS KUCEIVnn. 

Sec. ikl. i\ bidanee shall he struck in this record at the 
end of each month whereby shall be shown the (juantity of 
material of each kind on hand in the denaturing material 
room on the first day of the month, the (juantity rtH-eived 
during the month, the (juantity rejected and removed from 
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tli(* j)roiniscs diiriiifi; llio in<)iit]i, Jind the quantity dolii' 
ored to tlie distillci- t'of donatiiiiiij*' piu'iioscs dniiiif>' the 
niontli, and tlio (|uantity on hand at tlie (*nd of tlic niontli. 

I’ho office’)’ sliall, at the enid of eacli month, prc-jiai'c in 
duplicate, siern, ;ind foi’waid to the <’olle<’toi’ of intciand 
vevcuue a re})oi't wluc’k shall be a transcript of said recoi il 

l)ISTI[,LKIt TO KKKl’ liia'OKl) OF I IE.\ ATU HAN TS. 

Sec. dO. Tlio distillei’ shall also kee]) a record, in which 
he shall ente’i’ the (hde upon wlnh’li In* deposits ;m>' ma- 
teiial in the t;mks of the d(Muduiinj>: inateiiiil room; the 
mime and address of the ))erson fi’om whom said matc’i ial 
was I’eceivcd, anil the kind and (|nantity of the matei’ial so 
deposited; iilso he shall imter in sjiid lecoid th(> ihite upon 
which he leci’ives any material from the denaturin;;' ma- 
ti’i ial room, the kind and (pnmtity of such material so re¬ 
ceived and the disjiosition made of same. 

.N'O'l'iCE OF JN'I’KNTION TO DIOXATriiE SPIHl'I’S. 

Hec. dl. 'file distiller shall, hefoio dumyiinp: any siiii’its 
or denatni’juits into the mixin,i>' tank, y>ive notici' to the of- 
fii’cr in (’hai’o'c of the denatui inu; warehoiise in ))ioper form 
in du])liciite, and entc)- in the pi(i)iei’ place thci’cmi (in the 
case of distilled sjiii its) and in thi’ ]iro]K’i’ I’olmnn the num¬ 
ber of the pai’kiiges, the sin ial numbers of same, the serial 
number of the wai’chouse st;mips, the contents in wine and 
pi'oof ejidlons iinil the pioof as shown by (he marks, the 
(hde of the withdi'aw;il j;any;(’, and by whom .a'auged. 

In case of denatui’ing aKCids he shall eidei’ in the piojiei’ 
place and in the jnoper I’olmnns the number of fmllons, the 
kind of material, and the number of the denaturinj^ ma- 
teriid tank from which same- is to be drawn. 

d’he contents of thi’ scvei’al ])ji(’kages of alcohol, as shown 
by the withdrawal gauge, shall be aecejited as the contents 
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oi' said i)aekag'('s wIkmi dumix'd lor d(‘iiatiii'iijfi; i)nr])os(‘s 
unless i( should appear J’roiii a special sliowiui>' made hy 
Ihe distillei' that there lias heeii an aeeideiital loss since 
withdrawal from dislilleiv lioiided warehousi'. 

1)1011 reeei|it ol' this notice Hit' ollieer in eliari'c of the 
denaturiu,i> warehouse" sfiall, in ease of the jiaeka^es of 
alcohol, inspect same earelfdle’ lo asee'itain whether oi" 
not th<"y ai'c the |)aekai>(s dtserihed in the distiller’s no¬ 
tice. Me will then cut ont that jiortion of the warehouse" 
stam]i 11)11)11 wliii’li is shown the" se’i ial nnmhe'r of the" stain)), 
the" name" of the" elislille-r, the" jiroof gallons, anil the* se'rial 
nnmhe'r of the )lai’kaye". 'I'lie'se" sfpis must he" se'e'iire'ly I'as- 
te iH'il to the" form whe'ieein the" ,nanf>iny is re'))e)rte'el anel 
si'iit hy till" eilllicer with his re'tnrn tei the" e-olh'e'teir. 

■I'llA N Sl’KH eil' IlKN A'l r I! \ .\ rs 'I'll MIMXel 'I'XXKS. 

Se'c. .‘II’. 'riu' elistilh'r, iinh'ss )ii))e>s are" nsi'el, as he'ie'in 
)iro\'iele"ei, shall ))re)\iek' snitahle" i?a,n'e'el re'e-e")itae'h's, nie'tal 
elrnnis he'in”' )ni'lerre el, with wliie-h tei transl'e'i" the" elenatnr 
iny' ayi'iits I rean the" mate'i ial tanks to the" niixiny lanks. 
'I’he'se' re e"i')itae les must he" mmihe'i e'el se'i ially anil the mnn- 
hi r, the" e"a))ai‘ily in yallons anel frai'tions of a yallon, the" 
name" of the" ilistille-r. ami the" nnmhi'r of the ele'iiaturiny 
lioneli'il wari'honse" marlci'el thi'ri'on in elnralih" h'tti'is anil 
fiynre's. d’liey shall hi> use'll for Iransfe'rrin,y denaturin'"- 
mate'i ial from the" inati'iial tanks to the" inixini"' tanks and 
for no other ))iir))ose'. 'I'lie' elistilli'r must also )iroviele' suit - 
ahli" a)I)iro'.i'il si'ale'el nii'asnre's of smalli'r I'ajiai-ity. 'riii' 
yanyi'il ri'e'e")itae‘li's are" lo hi" useel wlii'ii" the ejiianlity to he* 
transfi'iieil amounts to as much as the" e"at)ai-ity of the" 
smallest yanyi'il ri'e"i»))tae'h' in the" wari honsi'. d’lie mi'as- 
nri's are" to hi" use'll only wlii'ii the ijuantity of mate'iial to 
111' transl'e'rre'il is h'ss than the" e'a)iae'ity of the" smallest 
yan,<>e <1 rei'e'))tai-li'. 

Si'i'. 'rill' elistilh'r may ))re)viili' nie'tal )ii))e's connee't- 
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inf^ tlie nuiterial tanks and tlie mixing!: tanks and thn dn 
natnrant may he traiistVrrnd to tlio mixing tanks llirongli 
th(>se ])j|)es. Siicli ])i)>c‘S must )h‘ suitplicd with valves, 
('ocks. I'aiKX'ts, Of otlK'f jiroper ?neans of (‘onti'olling tin* 
How of tli(! liipiid, and such xalvcs, cocks, or faucets must 
Ik‘ so arfang(‘d tliat t]i<>y can lie scciux'ly lo<'kcd, and tli<‘ 
locks attaclu'd thcf(>lo must h(‘ kept I'asttuicd ; llu' keys to 
h(‘ retained hy the officci- in charge, except wlicn the de¬ 
naturing-mateiial is heing transferi-ed to the mixing tanks. 

In tiu' <'\’ent pijtes art' used as above providt'd, the glass 
gauges affixed to the material tanks must he so graduated 
that tenths of a gallon will ht' indicated. 

Ilefore an\- mateiial is transferi-ed from a material tank 
to a mixing tank the ofliet'r must note the contents of the 
material tank as indicated hy the glass gauge, lie will th(>n 
permit the deiiaturant to How into the mixing tank until 
th(' exact (|Uantity iu‘e(‘ssary to denature the alcohol, as 
])r(n'ided hy th(‘ ]-egulations, has been transfc'rred. HHiis 
he will ascertain hy r(‘a<ling the gaugi' on the matt'iial tank 
liefori' the liipiid has h(‘gim to How and after the How has 
heeu stojiped. lie should verily the (|iiantity transIVrred 
hy reading the gaug(‘ on the mixing tank hefore and after 
the transf(‘r. 

S(‘e. .‘14. M'lie otTieer in charge of the (h'liaturing ware¬ 
house will he held strietl>- aeeountahle foi’any erroi s in the 
(piantitii's of denatnrants added. It is inpiortant that his 
measurements should h(> ahsolutels' eorreet. lie must know 
that tin' measures and the gauged receptacles provided hv 
the distillcT' iuid the giaduated gauges affixed to th(> tanks 
are eorieet. lie nmst from time to time' apply such tests 
to these measures, gauged reeeiitaeles, or graduated gauges, 
as the eas(> may he, as will satisfv him that they are eoi’- 
reet. If he finds the measures, gauged reca'iitaeles, or 
graduat(‘<l gauges to h(‘ ineorreet, h ' shall refuse to pennit 
the distiller to transfer any denaturant to the mixing tank-- 
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until iippliuucos Imvo lu'en [)rovi(led wlicrcby the exat't 
(|Ui)utity of dt'iiutuijuits used may bo asccrtaiiiod. 

'I’lio distillor must pruvido all scalos, woisbiuR boams, 
UTid otlior nppliaucos noci'ssary for tiaiisforimis’ tlu> doiia- 
tui'ius' matoiials, ,i>auKiiii>' or baiidliiif;' tlu' alooliol, or test¬ 
ing' any of tlu' measures, reee)itaeles, f)r gauges used in tli(> 
wareliouse, and also a sufficient number of competent em¬ 
ployees for tlie work. 

COXTKXTS OK MIXlN'(i TAKK TO UK I’UrNOKl). 

Sec. 1’lic exact (pianlity of distilled spii its contained 
in th(' ])ackages cov<M'ed by tlu* distilli'r’s notic-e liax’ing 
been ascertained ))y tlu* ot1i(‘(‘r and the spirits having been 
<lump('d into the mixing tank, and the (piantities of th(‘ 
several (hmaturants jirescrilx’d by till' regulations having 
lieen ascertained by calculation and ;Hld('d as above pro¬ 
vided to the ah'ohol in the mixing tank, the officer must 
cause the contents of the tank to be thoroughly and com- 
]>letely plunged and mixed by the distiller or his cm- 
jiloyees. 


OKKK'K.l; ’I'd .VIAKF, UKTI UNS OK DCMI’Kl) MATKIUAU. 

Sec. .■)(). 'rile ollicer will make letnrn on the jirojier foi ni, 
whei'cin hi' will show the number of packages of distilled 
spirits inspected b>' him and dumpi'd in his jircscuce by 
tbe distiller, the .serial nmnbeis of said ]iackages, the serial 
numbers of the warehousi' stamps affixed to said jiackages, 
the }iroof gallon cmitciits of said packages, and the name 
of the gaugei' who made the withdiawal gauge. 

Me shall also lejiort on said form the numbi'r of drums 
of the se\'( lal kinds of denaturants gauged by him and 
dumiH'd in his presenci', the si'i ial numbei's of said di'ums, 
the Muantity in wine gallons, and, in the case of wood alco- 
liol, the ([uantity in proof gallons of each kind of denatui - 
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aiit gini,si:c<l and dmni)C'd, tlai serial nmul)ers of tlio tanks 
from wLioli the d(“nalnrants wei(! drawn, and tho lank 
sample nmnher of said denaturanl. 

DliAWINO OFF AND <iAr(a.N(! DKNATr’IfKD PTiODDCT. 

See. d7. Tli(> distiller may from time to time, as he 
wishes, in tlie presenee of the oftieer, draw off from tlu* 
tank or tanks the (hmatiired )irodue(> in (piaidities of not, 
less than oO gallons at one time, and tlie sam(> must at one(' 
h(' ganged, slamped, a)id branded by the officer and re¬ 
moved from the i)remises 1)y the' distiller. 

KIM) ANM) ('AI’ACI'IA OF l-A(' K AO KS I'SED. 

Se<'. .')8. lie may nse jiaekages of a capacity of not less 
than five gallons or not moi'e than one hiindi'e<l ami thii'ty- 
tivc' (Ida) gallons, and each jiackage mnst h<‘ tilh'd to its 
fnll ca])acity, such wantage being allowed as may he ne<-es- 
sary for expansion. 

.Ml packages used to contain comjiletely dimatnred al¬ 
cohol mnst he j)ainte<l a Vuiht tjifcu, and in no case is a 
package of a?iy other color to he used. 

AlA'OllOD ’I'O BF, 1 M .M KDIA'rKI.V DF.N Al'F U ini. 

Sec. ;!!). M'o alcohol withdrawn from distillery ware¬ 
house for denatnring [inrjioses shall he ]H‘rmitte<l to remain 
in the denatnring hondi'd warehouse nntil after the close 
of hnsiiU'ss on the si'cond day att('r the said alcohol is 
withdrawn, hnt all ah-ohol so withdrawn mnst hi* trans¬ 
ferred, dnm)ied, and denatured before the close of hnsi- 
ness on said s('cond day. 

Ai’i’i.K'vrioN' I'on (;.\r(iF Oh' DKNA'rrKKD ai.coiioi.. 

Sec. 40. Wlien the jirocess of denatnring has been com¬ 
pleted and th(‘ distiller desires to have the denatured alco 
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liol drawn off into jKickaf^o.s and ganf^ed, lie shall prepare 
a reipiest for such gauge on the jiroper form. 4’lie reipiest 
shall state as aeeurately as praet ieahl(> the number of ]iaek- 
ages to l)C‘ <lrawn off and the numher of wine and jiroof 
gallons eontemts thereof. 

Ibis notice shall Ik* direelisl to tin* eollei'tor of internal 
re\'<*nue, hut shall ln‘ handed to the oftieer on <lut\' at tlH> 
denaturing hondi'd wan-house. 

S('('. 41. It the'ollieer shall tind ipum examination of the 
proper leeord that there should he on hand the (piaiititA" 
of denatured alcohol covered liy said notice, he shall pi'o- 
eied to gaug<‘ and stamp the several packages of dena¬ 
tured alcohol in the manner henun lux'serihed, and shall 
make re])ort thenof on the ])iO'iiei- form. 

in no eas(' will the officer gaug(> and stain]) denatured 
alcohol the total ((uantity in wine galloTis of which taken 
together with any remnant that may he left in tin* dena¬ 
turing tank exceeds in wine gallons the sum of th(> (|uan- 
tity of distilled spirits and denaturants dumped on that 
day and any remnant brought over from previous day. 

now i)i'-..xA rrimi) ATA'oiior. siiai.i. nF. oerma). 

See. 42. The gauging of denatured alcohol shall, where 
it is juacticahle, ho hy weight, idle ollieer shall ascertain 
the tare hy actually weighing each jiackage when tmijity. 
Then, aftiu’ each ])ackag(‘ has h(*en filh'd in his |)r(‘s(‘nce', 
he shall a.scertain th(‘ gross weight, and, bympiilying the 
tare, the md. weight. 

lie shall then ascertain the proof in the usual niainuu", 
and by aiiplv ing the iiroof to the wine gallons conimit tho 
proof gallons shall,be aseiudaimal. 

idle regulations relating to the gauging of risditied sjiir- 
its, so far as they ajiply to apparent proof and ajijiarent 
])roof gallons, shall a])])ly to denatured spirits. WIkmi* it 
is for any reason not ])racticable to gauge denaturc'd alco- 
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]h) 1 l)y w('ifj;lit, usiiii? tli(“ tal)lc‘is that apjily in th(' (‘asc of 
tilt' <>aiit>iiis' of distilled spirits, the ganjAinj;' shall he hy 
I'od. 

nKTini\ ON FoHM I’.'lTa. 

See. “Id. Ilavinf>- f>anf>(‘d eaeh of said paekattos, tlu* 
oflieer shall make return on k'orin d.'JTa, whereon he shall 
Jii.st certify that hr has eai'etull.N’ examined the distillei-’s 
deiiatm iny; aeeonnt, and that tlu' aj^yre<>ale contents ol‘ the 
scN'cral paekayes embraced in saitl I'eturn, added to any 
balance that may be on hand after thi >• are withdrawn, 
floes not exceed in iiroof iiallons the i|nantit> shown to be 
in the mi\in,i>' tank )»>■ the distiller’s denatnriny account. 
('snall.\’ there will be a. slight loss in proof gallons in ])ro- 
cess of denatnration. If there is a material loss, hoxvever, 
the oflieer shouhl ascertain the cause and should inelndc* 
the explanation in his report. 

'rill* K'tuim must also show in the proper cfilmnns in de¬ 
tail the capacity of each package, f>'ross w( if>ht, tare, 
net weiyht, if g-anff-ed b.\’ weiyhl, imlication, temperatui'e, 
ml wine <;allons contents, proof, proof aallons contents, 
ap]iarenl jiroof, apparent |>roof gallons contents, thr serial 
JMimber of the denatured alcohol stamp aflixed to th<“ pack- 
aye, and the serial number of the packaye. 

'I’liis return must be in duplicate, and must be for¬ 
warded to the collector of the district. 

IMANNKIi ol' .MVIIKIN'O IIIOMIS o I’ I'\( K Am'.S. 

Sec. 44. Upon cdcli liratl of the iiac'kaye shall lie sten- 
eilcfl in red k'tteis, of not h ss than 1'-j inches in lenyth by 
I inch in width, the words “ l>KN,\'rruK,i) Aiconoi..” 

I'pon the stanpt head of the* packaye there shall lx* sten¬ 
ciled the serial number <d' thc' packaye, the naiiM' of the 
distiller denatnriny the sjiirits, the number of the (hmatiir- 
iny honded waiehonse at which the spirits were dena- 
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turod, and tlie district and Sitate ti wliicli it is located, tlio 
date ujmn wliicli the contents of the })ackage were dinia- 
Inred, and the serial number of 'die denatured alcohol 
.stamp. 

I’ACKAOKS TO UK NUMBKKED SKRIAl.LY. 

Sec. 45. I’ackagns of ilenatnred alcohol must be num- 
beri'd serially as they are withdrawn and gaug'ed. The 
serial mmiber for every denaturing bonded warehouso 
must begin with iiumbei" 1 with the first cask denatured, 
and no two or more packages denatured at the same dena¬ 
turing bondeil warehouse shall be numbcired Avith the same 
number. i\ (‘hange of ])erson or persons operating a dis¬ 
tillery and dmiatuiing bondtHl Avar<>house will not be taken 
to re(|uirei a new series of numbers for the packages of 
.spirits thereafter denatured at such warehouse. 

.STAMCS FOR DFN.VTUliK.D .ALCOHOL. 

Sec. 40. The following form of stain)) for denatureil 
alcohol is hereby |)reseribed : 

STA.MC M>It IIK.X.ATI HKD .M.roIKir.. NO. -. 

Issued by-—. ('olloelor of the-district. State of-, 

to-, denaturer of alcohol in said collection district,-. 

-, 19—, - proof gallons,-wine gallons. 


U. .S'. Officer. 

'I'hese stamps are to be made of white jiaiter, the letter¬ 
ing to be rc<l. They are to be bound in liook form, each 
book containing 150 stamiis, only one denomination being 
contained in each book. 'I'lie denominations are to be 5, 
10, 20, .30, 40, ,50, no, 70. SO, !)0, 100, 110, 120, and lOO gal¬ 
lons, respectively, with proper numlier coipions attached 
to each, and each cou))on reiiresenting one gallon. 

In using the coipions on said stamjis the same rule will 
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be followeil in dealing with fraetiunal pails of gallons as 
are observed in the case of rectifier’s staniiis; that is to 
say, if the fraction is less tlian five-tentlis of a gallon it 
nuist l)(.‘ dropjied, and if it is more than five-tenths it is 
(Tilled the next unit above. (’oniK'cted with (*ach stamp is 
its cm r(‘s])onding stub, which the officer must fill out in 
accordance with the facts in the case. 

'I’Ik' stamp must 1 k‘ sigiunl by the officer, and he will 
enter iiiioii it the date ipion whic'h he affixes it to the pack¬ 
age, the number of wine and jiroof gallons, the number 
of the denaturing bonded warehouse, and the name of the 
denaturer. 

Sec. 47. Stamjis for denatured alcohol will b(> intrusted 
to the officer assigned to the (huiaturing honded ware- 
hous(‘. lie must keep these sta.npis continuously in his ]H)s- 
session, and when not in actual use th(> book must t)(> de- 
jiosited in a safe and secure [ilace in the denaturing 
bonded warehous(> under lock and k(‘y, to which no one 
shall hav(' access at any time e.xcejit himself. 

The officer must iiiaki* a daily report to the collector of 
all denatured alcohol stamps usial, and for wdioin used. 

msi'osrnoE or hooks, s'l'i ics, etc. 

H(h\ 48. AVhen all the stanijis in any book have Ix'cn 
used, the book with tlu' stubs will be returiKHl to the col¬ 
lector, who shall forward it to this otlice. The stubs and 
unused coupons must remain in tlu* hook. 

Officers are advisenl that they will he held striidly re- 
Kjioiisibh’ for all de-natured alcohol stamjis deliver<‘d to 
them, and they are eautionc’d against affixing such stamps 
to packages which do not cori’ectly rem'esent tlu' character 
of the contents. They must know that all the statimients 
on the heads of the i)ackages are strictly true. 

DUTIES OE OEEICEK IN RKOARl) To MIXING TANK. 

Sec. 41). The mixing tank is absolutely under control of 
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tile officer in cliar^e oJ' the warehouse. If it bceoiiies 
iiecessury for him to leave the denaturing hondeil \vari‘- 
liouse during- the iiroecss of denaturing, he must close and 
lock all oixming's to said tank and must ridain the key in 
his possessiou, and all other persons must leavi“ the huild 
iiig. 

When the work of the da>' is done the officer eiast ascer¬ 
tain th(' (piantity iu wiiu' and proof gallons ot any r(*m- 
nant of denatuj-ed alcohol that may he on hand, and on 
each day hid'ori* an>' fuithei- denaturing is done' lu must, 
hefoi'e anything is dumpi'd into the denaturing tank, ascer¬ 
tain the (piantity in wine and jiroof gallons of any rem¬ 
nant that may he in th<' tank. 

inccoiii) or oi'iaiA'rio.N's 'I'o mo kkct r.v or'Ficioi!. 

SVc. no. d’ho officer assigned to duty at the denaturing 
honded warclioiisi* shall, in a hook' |ires<*rihed for that ]mr-- 
pose, keep a true and corri'ct record of the o]ieration at. 
said (hmatiiring honded warehouse. 

Said hook shall show on the dehit side, in the case of 
distilled spirits, the date upon which th(‘ spirits wcr(‘ 
dumped, th(‘ niimhcr of packages dumped, the serial num- 
hers of said ]iackages, the sei iai numliers of the warehouse 
stanpis, the date* of permit, tin* date of withdrawal from 
the distillery warehouse, the name of the officer who made 
th(> withdrawal gauge, the win(‘gallons and proof gallons. 
In the case of denaturing agents, said ri'cord must show 
on said (/o/n't side the date* on which said (hmatiiring 
agents vvmi* dumped, the kind of material, the numher of 
the dcnatuiing tank from which taken, th(‘ tank samph* 
numher of th(‘d(maturant, the date u[)on which the sam|ile 
was ins[i<>cted, tluMpiantity in vviiu' gallons, and, if methyl 
alcohol, the (juantity in jiroof gallons dumped. 

If then* is more than one dunpi made during the day 
.^(‘■parate entries must h(‘ made for each dump, hut tla* 



ITS MANUFACTURE AND USP:S 


447 


totals for tlie day must 1)0 carried forwaid and ontoiu'd in 
tli(! proiK'r (‘olimitis iu red ink. 

Oil tlio credit side of said ri'cord musi 1 k' ciitcri'd tli<> 
dciialurcd iirodm-l drawn from dimi)). 'I'lic onlrics must 
iio mad(' in the jiropor columns and nmsi sliow tli(‘ numlicr 
of |iaclsafi:cs of denatured alcoliol drawn from dump, tlic 
sci'ial mimlHM's of tlic dcnahircd stamps, tlu' date upon 
\\liieh said packages were witlidrawn from dump and 
irausr'ed, the niimlier of wine .nallons and tlie nnmlier of 
proof eallons, and to whom deli\'ered and th(‘ liour 
remo\’ed from tlie dimaturini;' iiremises. 

If there is moie than oiu* lot diawn off and fraufi'ed <lur 
in,!? till' day, a si'jiarati' entry must hi' madi' for each lot, 
hut till' total wine and proof gallons drawn off and jiauired 
for fill* da>' must he carried forward anil entered in led 
ink in a column prefiared for tlial purpose. 

'riiere must also he columns in said hook in which to 
enter the remnant hrouK'hl over from the inevious day, the 
total ipianlily of distilled spirits and ilenaturanis dumped 
durinii' the da>’, the ipiantify withdrawn from dnmp and 
iraugei] durinfi' the day, and the ipiantit>’ left in the inix- 
ina; tank at the close of husiness. 


OKNArriirai aij oiioi, 'ro im rk,\io\ i;o from w iiimiorsF,. 

See. .'ll. Not later than the close of husiness on the day 
following; that upon which the work of ilrawina,' olf and 
f>anj>in,t>’ the denatured spirits is eoni|ileteil, the distiller 
must remove said denatured alcohol from the llenaturi^p^^ 
honded warehouse. He may I'ither remove the alcohol to 
a Imildiug off the distilleiy premises, where he can dis- 
])ose of it as the demands of the trade reipiiie, or he may 
disiioseof it in stam|ied iiaekaees direct to the trade from 
the denaturine' honded warehouse. 
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KJiCOIU) SHOWING ALCOJlOTj IHICKIVOU) AND DISPOSED OP TO BE 
KEPT BV D1STH,LEI{. 

Scp. 52. 1'lie distillpi- must kcpp u record (P^mn 52d 
und .)2e) in wliicli lie slinll show, resjuM-tively, all dciia- 
turi'd alcohol rci-civcd from the officer in charge of the 
warehouse and disjiosed of hy him. 

I pjii the “Ueceivetl” side lie shall enter the date upon 
which he receiv(‘s any denatured alcohol from the denatur¬ 
ing honded warehouse, the nunihcr of ])a<'kages received, 
the sei ial nuinheis ot the packages, the date upon which 
till alcohol was denatured, th<‘ name of the officer, the kind 
and jiercentage of the denaturants used, the serial num¬ 
ber of the denatureil alcohol stamp, and the aggregate 
wine and ])roof gallons, d'hese imtries must be made on 
the same day the denaturi'd alcohol is ?eceive<l. 

On the disposed of” side the distiller must show the 
date upon which he disiioses of any denatured alcohol, the 
name and address of llie iierson or firm to whom sold or 
deliverc'il, it a manutai'turer, the kind of a manufai'turer, 
the kind and percentage of the dmiaturing agents used, the 
number of iiaekages, tbe serial numbers of the jiacka'ges, 
the serial numbers of tbe denatured alcobol stamps, and 
the aggregate wine and iiroof gallon contents. 

hese entries must be made before tbe goods are r e¬ 
moved from th(> denaturing bonded wareboiise, if .sold 
direct tVom there, or from the .salesroom of the distiller olT 
the premises, if sold from there. 

Sec. 5;>. Spaces and columns must be ]u'ovided for at 
the bottom ol said r'ei'ord wberein can be shown the <pian- 
tity of derratuied alcohol brought over in stock from the 
jirevious month, the (luantity received during the month, 
the (|uantity disposed of during the month, and tbe <iuan- 
tity remaining on band at tbe end of tbe month. Tn this 
statement must be shown tbe number of ])ackages bi-ought 
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over, received, disposed of, and on liand, the serial num¬ 
bers of said paekaffes, tlie serial nninhers of tlie denatured 
stamps, the wine gallons, and the inoof gallons. 

MONTIILV THANSemPT. 

See. 54. Before (he tenth day of eaeh month the dis¬ 
tiller must prepare a eomjiletc! tianseript of this rword, 
must swear to sanu', and must forward it to the eolleetor 
of tlie distiiet. 

Said affidavit shall he in the following form: 

I.-——■—. do stafe on oath that I am-of donatiirinR 

bonded warehouse No.-- in the-district of-. and the 

al)rve is a true, correol. and oomplele statement of the denatured alco¬ 
hol received by mo from said dcnatnriiiff bonded warehouse, of the 
denatured alcohol disposed ot, to whom disposed of, and of the dena¬ 
tured nlcoliol oil hand a! the end of the month. 

(.'Ol.LKX'TOhS TO KKV.P At^OOttNTS WITH DKNATHTiKRS. 

See. 55. Collectors must keep an exact account with 
each denaturer of alcohol on record (Conn h'.ki) in such 
manner as to he constantly advised as (o tiu' state of the 
dciiatni'ci ’s business, and tlu'y must c.\crcis(‘ such sipier- 
\ ision over the issue of stamps for denatured alcoliol as 
will iirevent fraud in thcii’ use. 

The entries in said record hha must he made daily. Said 
entries arc to he uukIc from the officer’s returns on Form 
122a and 2.‘t7a. Fndcr the heading “ Material dumped for 
denaturation ” must he entered in the ease of distilled 
s]iirits the date of tlie dnmiiing, the mimher of jiaekagos, 
tho serial mmiboi's of tlie ])aekages, the serial nnmhers of 
the warohonse stanpis. (he date of the eolleetor’s permit 
for witlidrawal, the date of withdrawal from distillery 
bonded warehouse, tho name of the withdrawal ganger, 
and the wine and proof gallons. 

Tn the ease of denaturants there must be enteiod in 
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pi'opoi’ (‘ohiiniis tlic serial iiiiitibers of the tanks from 
whicli the denaturaiits were drawn, the tank sample niim- 
her of the denatiirant, the elates upon wliieh said samples 
were iMS)ieeted, and the mimher of gallons of eaeh of the 
seveial kinds of ehmatnrants dnm|n'd. 

I'nder the he'ading “ Ah'ohol Denatureel,” in the jiroper 
<-olnmns, shall l>e eTdercd th(' date of donatnration, the 
mimhei’ of package's di'iialnred and ganged, the' serial 
numbers of sai<i packages, the' sei ial immbe'is of the elena- 
tnred stamps attached to tlu'm, the' name of the olTicer, anel 
the (piantity of alcolie)! in wine anel pre)e)f gallons dena- 
tureel anel gangc'd. 

I’ropcr e-olnmns and spae'es shall Ix' provided at the bot¬ 
tom of this record where shall be entered at the“ end of 
eae'h month tlie* epiaidity in wine' anel ])ioe)f galleens of 
elenaturcel ah'eehol re'inaining in ele'natnriiig taides lereenght; 
over freem ])re‘vie)ns mendh, the epiantity eef mateiial 
elnmjieel feer ele'iiatnratieen elnring the' memtli, the' epiantity 
elrawn frenn the eh'natnring tank, gange'el, anel re'inovcel 
frenn the' ]iiomise's elnring lh(> memth, anel the; epiantity left 
in the mixing tank at the enel e)f the month. 

DisTiLj.Ki!’s lerre’iix rei m: e'eiMCAiiKD with i'ollkctor’s 
nucoRD. 

See'. 5(i. The elistillor’s re'tnrn on Form 52el shonlil be 
comiiareel with this re'i'orel at the e'liel of each month. 'I’lio 
number of jiae-kage's, se'iial munbe rs of the jiackage's, anel 
number of gallons ree'e'iveei liy the distiller from elenatnr- 
ing boneh'el warehemse shoulel agree with the dtia as maeh; 
up from the officer’s 237a. 

MANNER OF lIANDLINei AND TESTINO SAMI’LKS OF 
DENATURANTS. 

Sec. 57. When the distiller at any denaturing bondeel 
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warcliouso lias duinjied into any inatorial tank a finantity 
of a i)roi)os(!d dcnaturant as Innoinhoforo jn-oviclcd, tlu' 
oflioei- shall draw a saniplo from said tank. .\ heavy .<>lass 
hottle, whieh innst he jirovided hy thc^ distiller, shall he 
used as a eontainrr for said sanii)le. 'I'he hottle must h(‘ 
seeurely closed and sealed, and a label ailixed tluncto, 
showinf? the sm ial nnmh('r of the denaturin';; matm ial tank 
from whieh the sample was taken, the date it was diawii 
from the tank, and the name of the oliicer sending it. 

I’he sample shall he secnrely jiacked and sent !)>• express 
to the most coni'cnient lahoratoiy for test. .\11 expeii.s<‘s 
in connection with the forwaiTliny; of samples must !)<• 
l)Oi'ne by the distiller. 

As soon as ]iracticahle the necessary tests of the sample 
shall he madi- in the laboratory and report made of its 
charactei’. 

One copy (d' the I'ejxn’t should be sent to the collector of 
internal revenue of the district, and the other should be 
sent to the officer in charoo of the denaturing bonded ware 
house. 

l>Airr 11. 

DEALEb'S IN DEXATritEI) ALCOHOL AND 
AL\NUEACTri>>EKS I'SIXO DENA- 
TELED ALCOHOL. 

See. 5H. ^Mcohol denatured by use of methyl alcohol and 
benzine as juovided in section 2(1 of these regulations is to 
bo classed as ('ompIrU'hi dfuutincd alcohol. Alcohol de- 
nafuretl in any other maimer will be classed as Sjiccialli/ 
denatured alcohol. 

DENATLIiEO AJ.COIIOE NOT TO BE SI'OllEI) ON CERTAIN I'REAf- 
iSES, AND NOT To BE USED EOE CERTAIN eURPOSES. 

Sec. 5!). Neither completely nor specially denatured 
alcohol shall be kc])t or storeil on the jiremises of the fol- 
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lowing’ classes of i)ersoiis, to 'wif: (k'alcis in wines, fer- 
nicnted li<(uors or distilled s))ii’i(s, r(>ctificis of spirits, 
nianiihictiir<‘i's ol and (k'akns in l)(>V('iagcs t)f anv kind, 
nnund'actnrcrs of licpiid medicinal pr<‘parations, or distil¬ 
lers ((e\c(>pl as to such dcnalni’('d alcohol in stanijied ))a(‘k- 
ag'es as is mannlactnred liy th<'niscl\'(>s), numnfactiners of 
vincgfir hy the \’aporizing’ ])roc(*ss and the use of a still 
and mash, wort, or wash, and pensons who, in lh(‘ course 
of hnsiness, have oi’ keep distilled si)irils, wines, or malt 
lii|Uors, or other hcve)ag<'s stored on their iiremises. Pro- 
r'tdvd . 'I'hat druggists are (‘xeni])! from the above pro\'i- 
sions. 

<'\x NOT i:k rsKo i,\ w an rFverr uino i!F,vniiA(a';s, i'.tc. 

See. (id. .Vnyone using denatured alcohol for the maiiu- 
taeture of any heveiag(' or liipnd nu‘dieinal |U’eparalioji, 
or who knowingly s(‘lls an>’ iH'verage oi' li(piid medicinal 
preiiaration made in whole or in ](art fiom such alcohol, 
heeomes suhjeet to tin- ])enalti(es pi’eserihed in section 2 
of tlu'act of .1 une 7, ItXKi. 

ruder the languag(' of this law it is held that (kmatured 
alcohol can not h(‘ used in the ]»r(‘i»aiatio?i of any artieki 
to he use<l as a component part in the ])reparation of any 
heverage or litpiid medicinal prei)aration. 

i>El^^rlTs iiK<}i'inKi). 

vSee. (il. Persons who wish to deal in eonpiletely (kma¬ 
tured alcohol must secure i>ei'mits from the collector of 
internal revenue of llu' district in which the hnsiiu'ss is to 
he carried on. 

Kv<M y person who s(']|s or offers foi- sak> d(matur('d alco¬ 
hol in the original stamped jiaekage shall he elass(‘d as a 
■irlii/h'salc (J(’uh‘r iit flcnatnred alrohol, and denatured aleo- 
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]iol sluill not bo sold in (|u;intiti('s of fiv(‘ gnllons oi' nioio 
oxoopt in tlio original staini)otl paokagos. 

Kv<‘i'y ])(‘rson who soils oi' (dVcn s for salo di'iialurod alco¬ 
hol in (piantitios of /c.s-,s than live gallons shall be class(>(l 
as a ic/dil (Ifdlcr in (IcikiI iii nd iilcnhol. 

'I’lio same poison nia\' bi' both a wholesale and a retail 
dealer, but the retail and the wholesale business will be 
considered separate, and permits must bi' secured for each. 

Colleetois are authorized to issue permits on the forms 
herein iireseribed n)ion ap]ilieation duly made. 

Said permits ari' to be numbei’cd serially in the same 
manner in which sjieeiabtax stanpis are now iiumbored, 
and ar(‘ to boon the forms herein iireseribcd. 

AI'I’MCA'I'IOM l■'(m nOUMlT TO i!K FJI.i;i> WriTI eol.T.KC Toll. 

See. (12. A ])erson, firm, or eor)ioration desiring to s(‘- 
eui’e a permit to sell denatured alcohol must make applica¬ 
tion on the following form : 

[Foi rti 1 la.] 

The iiii(Iersij;nc(1,-, slal»*s on oaUi (liai ho is .1 inembor 

ol the firm (corpoj-ation) of-, (tonii; Ittisiness at-. and said 

firm l corporal ion) consists ol ----and is located .11 -, 

in (lie comity of-and Stale ol-. The premises of said eon- 

eern arc loea(<'d on-strtvt, and aie deseiihed as follows. -- 

and said premises eoiislilnfe all of th(‘ jnemises used by-- in 

-said Ijiisiiiess. that no jtart ol said itremises is used 1)\ anyone 

in the husinesH of a distiller, manufaclurer of wines or malt liquors, 
a dealer in wines, malt liquors, or dii^tilli'd spirits (except dnpx.nists), 
a rectifier ot spirits, a manulaetnn'r ol or deahn* in any kind of hev- 
ei-a^es, a maniifaetnrei’ of aiiv li<iuid medicinal preparation, or a 
inanutaeturer of vincjiar prodnetal liy anv vapoiizinj? ptoee«s Iroin 
mash, wort, or wash, or hv any person (except dnmj 4 ist«) who in the 
course of his business Keeps or stoics distilled spirits, wines, or malt, 
liqiioi's thereon. 

Applicant funds himself and his —- to comply with the law and all 
(he regulations relating to the handling and sale ot denatured alcohol. 
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He <losires to deal in (lenatiired alcohol in the original stamped pack¬ 
age (or in quanolics of less lhan five gallons), and he therefore re¬ 
quests that a permit he issued to liim to receive (hmatured alcohol in 
stamped packages iiiion his jireniises and to sell same in original 
stamped jiackages (or in quantities of less than five gallons). 

(Signed) - 

Suh'-fi ihed and sworn to before me this-day of-, 100--. 


Ill till' ('iiso ol' iiulivi(hi;ils tin* ajiplicatioii must be signed 
and sworn to oitlier by tlie individual biniself or by liis 
duly autborized attorney in tael, and either a general 
power of attorney or a power s|)ecially authorizing the 
attorney in fact to act imist ac<-oin]iany the aiiplieation. 

In the eas(‘ of corporations the aiijilication must be 
signed and sworn to by the didy antliorized officer or agent 
of the cor']ioi’ation, and a certified eoi>y of the minutes of 
tlie lioard of directors antliorizing the iiarty, eitli(‘r gen¬ 
erally or specially, to perform the act must accompany the 
ajiplication. 

i'khmits K.xiniiE .ttnh .‘tO each veak. 

Sec. Ap])lications to d(‘al in denatured aleobol must 
be made to the eolk'ctor of internal I'eveime of tlie district 
in which it is projiosed to do business on or before the 
first day of .Inly of each year, or before any denatured 
alcohol is I'cccived cm the* ])rcniises, and said apidication 
will expire on the doth of .Imn* ensuing. 

In case a deab'r in denatured alcohol moves bis ]ilaee 
of Imsiness before I1 h‘ ex)iiralion of the fiscal year for 
which the peiinit was issued he must make application for 
the transfer of his iiennit to the |)lace to which he moves. 

PEIIMJTS TO 1!K CANCEEUI) VNDF.ll CKUTAlN CONOITIONS. 

See. 1)4. If it slionld appear on inoper sliowing made 
at any time that the party to whom a i)erniit to deal in 
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denatiii't'd aleoliol has bwii issued lias wilfully violali'd 
any of the pro\'isions oi' the law or rojijulatioijs relating to 
tile using or handling of deualuri'il ali-ohol, it shall he the 
duty of the eolleetor of inkunal revenue' to eanec'l the 
periuit. 

Aplieal for rehearing may he made to the ('ommissioiu'r 
(d' Int'iinal I>e\’enue in an\’ ease wlu'ie a iH'rmit has he<‘n 
eaneeled, and the' Commissioner may, if he thinks th<‘ facts 
justify' it, reverse the action of the eolleetor in eaneeling 
the permit. 

KouM OK eK.UMrr. 

See. (!5. 'File eolleetor’s ]K‘rniit will hi' in the following 
t’orm : 

Till'-: IS (o certil^ dial, application been made to mo in duo 

torm. porniission lo (‘ima«c in llic Inisiness of wliolosalo (retain dealer 

in diiialured alcnhol is li(‘reb\ given to — - —-. at — —. on 

tile Iol'.owiiig-descnheil premise.-^ -, said perini; to c\pir(‘ on Juntt 

fdaiil to eaiieel ibis j)(*riiiil is herebv rt'sorved. slmnld it at any 
lime appear on pioper showing made dial die saitl partv lias wilfully 
violated anv of tbe provisions of law oi regulations regarding de- 
iiatuied alcohol. 


Co/.b cinr - Distric t 

(’OIJTT'rojts 'i'O KKKl’ ItKA'lHU) OF DKAT.KIJS, OKX.VTl'K'l'O. 

Sei'. (it). Collectors shull kei']) ;i record (Hook k’orm 
lllii), in which shall he entered the names of all distiller.s 
who have (|nalilied as denatnrers of alcohol in the district, 
and the names of all wholesale ami I'ctail dealers in dena¬ 
tured alcohol; also manufaeturi'is using specially arid 
those using eom]>leteh' denatured alcohol. Said record 
■shall show the name of the ]iarty. his resideiii'e. and the 
date, number, and whetiu'r h<‘ is a dealer, distiller, or 
mamifaeturer. This record sluill he oj)eu to p)uhlic 
inspection. 
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WIIOI>lvSAU'; DICAl.UHS TO KBHP HKC’OHD. 


See. C>7. Wholesale dealei's in denatured alcohol shall 
keeji a record, in which they shall enter alt the denatured 
alcohol received and disposed ol' by them. 

On the received side they shall enter the date ui)on 
which the jiackage ol' denatured alcohol w.is received, the 
name and addri'ss of tlu' persons from whom received, 
the district and State in which the alcohol was denatured, 
the nmidier ()f ])ackaj>'es received, the serial numbers 
of the packaj?cs, the serial nnmhers of the stami)s, and the 
wine and i)roof fi'allons. 

d’hese entries shall he made in said record ni)on the day 
oh which the deah'r receives tlu* denatured alcohol and 
hefoi'e it is removed from his ])rcmises or any of the pack¬ 
ages are hrokem. 

On the disposed-of side of said lecord the deah'r shall 
enter the date upon which he disposes of any denatured 
alcohol, lh(‘ name and address of the pt'ison to whom dis¬ 
posed of, whether the juiichaser is ma.nufacturei- oi' dealer, 
the name of the denaturer and th*' district in which the 
alcohol was denatured, the nnmhei' of pa(‘kag(‘s, the sc ial 
numlK'i's of the jsackages, the seiial numheis of the dena¬ 
tured alcohol stamps, and the aggregate number of wine 
and ]))oof gallons. 

^riiese entries must be made bcfoic th(‘ alcohol is r(>- 
inoved from tin* i»remises. 

In case tin? dealer is a retail dealer and the alcohol is 
charged off to himself as a retail dealer, the enti ies must 
bo made in said record Ixd'ore the package is oiKuied or 
any alcohol is drawm from it. 

Columns and spaces must be arragned in said record in 
which at the end of the month the dealer must enter the 
number of pa<‘kages, the .serial niimbei's of the package.s 
and the quantity in gallons of denatured alcohol on hand 
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on tile first day of t]i(> month, received during the niontli, 
dis))osed of during tlie montli, and on hand at the end of 
tlio month. 

Wnor.ESALK DEALER TO MAKE MUKTIJI.V TRANSCIUDT. 

See. ()8. d’he dealer must make a transcript of tliis 
reeoi’d eaeli month, mu.st svveai' to it lietore some ollieei 
authhri/x'd to administer oatlis, and must foiward it to 
the collector of the distiict heforc the lt)th day of tin? 
ensuing month. 

Said allidavit may he in the following form: 

r-, do state on oat?i that I am-. of the liusiness of 

-, wholesale tlealer in denalurcd aleoliol, and that (he above is » 

true, ('orrcct. and eoniplete iranseript ol tiie reconl showing the husi- 

noss done hy-. as siieh wholesale dealer in denainred alcohol. 

and that, said nvoi'd is in every respf'ct a true and correct record of 

the biisines.s <ione l)y said dealer during the mouth of-, lilO—, 

and of the balance of alcohol on haml at th<‘ end ol said month. 

Subscribed and sworn to before me this-day ot-. 


UK('(.)Hli AfAVAVS OPICN 1’() I NSPI-X'd’K)X OF Ol-I'lOKHS. 

See. (ill. Idiis record must he o])on at all times to the 
inspection of all Infernal llcvcnuc olliccrs or agents. It 
must ho ])rcscrvcd hy the dcalci' for two vears. \Vholc- 
salc (h'ahu’s in dcnatnrcHl alcohol must ki'c)! a sign in 
legible and diirahlc lettms iiosti'd in a I'onspicuoiis jilaci' 
on the outside of tlieir building, as follows: 

“ W'holesale Dealer in Denaturi'd .\leolioi.” 

BILLS OE LADIN'O, ETC., 'I'O BE I'lUOSEIIVEI) BY DEALERS. 

Sec. 70. iVIl denaturer.s of alcohol and wholesale dealers 
in denatured alcohol must presen’c for two Years all bills 
of lading; e.xjiress reeeiiits, dray tickets, and other similar 
})apers showing shipment of denatured alcohol, and such 
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])ai)(“i's luiist l>o subiiiittod to any intonial-roveiiuo officer 
or agent wlio makes request for same for inspection. 

ASSISTANCI'’, TO JSK l•’U l!i\ ISII HD OPFICKHS. 

Sec. 71. Dt'alcrs in denatured aleoliol shall kee]i tlie ]ior- 
mits issued to tliem i>osted in a conspicuous ]iiacc. d'liey 
must furnish internal-rcvcmie ollicers or agents thr'lielj) 
and all tin* facilities necessary to handle the packages of 
denatured alcohol wJien said oflicens are making insjiec- 
tions. 


mO'l'AlL OKAI.KUS TO Kl'.liC KKCOlil). 

S(‘c.'72. Retail doalcis in denatured alcohol shall keej) 
a r<‘Cord, in which they shall enter the date upon which 
they I’eceivi’ any package or packages of denatured alco¬ 
hol, th(‘ )H.'i'son from whom received, the s<‘rial nnmhers 
of the packages, tlic serial mnnhers of thc' dmiatured alco¬ 
hol slanqis, the wine and ])rool' gallons, and tin* date upon 
which ))ackagcs art' o)((>ncd for retail. 

'The transcript of each month’s hnsiness as shown liy 
this r<>cord must he pre])ai'(‘d, signed, aiul sworn to and 
forwai’d('d to the colh'ctoi' of internal r(*vcnn<* of the dis¬ 
trict in which the deah'r is located hefore the 10th of the 
following month. 'Phis transcript must h(‘ signed and 
sworn to hy the (h'aler him.self or hy his duly autliorized 
agent. 

LAISKLS TO liK rl.ACF.II ON liKTAII. I'ACKAOKS. 

Sec. !?’>. Retail dealers in denatured alcohol must jiro- 
vide thtiinsidves with labels niion which the words “De¬ 
natured j\i.uoiioi.” have heen printed in plain, legible 
letteis. niu' ininting shall hi* I'cd on white. A label of 
this character must he affixed hy the dealer to the con- 
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tainer, w]i<ntc\’er it may lx*, in tlx* case of each sale of dc- 
natiircd alcoliol mack* by liim. 

STAMi’S TO lili nnSTUOVKD WIIKN 1>A( ’ K A( i F, IS KiMPTV. 

Sec*. 74. ^\s soon as the* stam])('(] ^laokagc's of (l(*naturc*(l 
alooliol ai(* omply tljc doalc*!' or mannfactiivor, as tin* case 
may lx>, mnsi liioronj*;hly obliterate* and <‘om|ilot<‘ly de¬ 
stroy all mar ks, stmnirs, anil bi'ands on tlx* paek'aajes. 

d’lx* slam|is shall under no eirenmstanees be i’c*us(*d, and 
the* |iaekaf>(:S shall not he relilled until all the marks, 
stamps, and brands shall have been removed and de¬ 
stroyed. 

M VN l'l■'A('TI’IIFIIS I'SINri COMl’I.iyrFI.V DK.N AT I'ltUD .M.C’OIIOI. 

'I'O SKCl’XI-. I’lUiMIT. 

See. 75. Manufacturers d<*sii'in«' to use* eom]iletely dena- 
tui'cd alcohol, such as is put upon the mai'ket for sale 
i;(*neially, may use siieli alcohol in their business subject 
to the followiiii*' resti'ietions. 

.\ inrrnufacturer usinj*’ less than an avera,ir;'(* of 5(1 ^al 
Ions of denatui'c'd alcohol per' month will not lx* re<|uired 
to sc'eure peiiiiit fioiii tlx* collector or to keep records oi' 
make* returns showiii!*' the alcohol i’(>eeived and usi'd. 

Manufac'turei's who use* as much as 50 gallons of (*om- 
jiietely denatured alcohol a month must pi’ociirc* such alco¬ 
hol in stani)ied ]iackaii,'es, and lx*i’ore b(‘ginninj>: business 
tlx* manufac'turei' must make ai)])ii(*ation to tlx* collector 
of tlx* prop(*r district for p(*iinit, iir which apjrlieation be 
will state* the exact location of his place of busiix'ss, de- 
scribinji; the lot or tract of laird upon which the (riant is 
located, and must kec*]) tlx* jdcohol in a lock(*d room until 
used. 

Sec. 7(i. The (rermit shall be in tlx* following form: 
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PLKMIT TO MA.NTKArTrRKK TO I SK ('OMPLKThLY UKNATT'UKl) AIXOIIOl 

It appoarin^? upon application duly made by-that, un¬ 
der the act of June 7, lOPO, —•-should be permitted to use 

coinj>letely denatured alcohol, in quantilics of more than 50 gallons 

per month, at-, factory of-, in the county of-. 

State of-, in the manufn<-ture oC —--, permission is hereby 

given said ->—-to procure compb‘tely denatured alcohol in 

stamped packages and use same in such manufacture at said place 
This permit expires-. IIH)—. 


('oU('<tor - Dislrtrt -. 

i:vM':hy katilitv foii ioxamination to bk akfohdkd oi bk'bks. 

Soc'. 77. Donatiirers of aleoliol, dealers in denatured 
aleoliol, and ))ersons who use it must afford every facility 
to revenue officers and eniijloyees whose duty it is to niak(‘ 
invesligation as regards such alcohol. The preniises 
n])on which the aleoliol is denatured or sold or in any man¬ 
ner handled must ht' open at all hours of the day or night 
(if the same should he necessary) to revinme agents, 
inspectors, and de])uty colleelors; and all liooks, ])apers, or 
records of every kind, eharaetei', or deseri|>tion relating to 
the alcohol handled by such (lersons must h(' submitted to 
any revenue offii'er for inspection and the, officer ninst he 
permitted to make transcriiils or co])ies of such hooks or 
papers, pi’ovided in the iliscliaige of Ids duty he fimls it 
necessaiy. 

OFincEll TO TAKE SAMPUES. 

See. 78. Should any revenue officer for any reason siis- 
])eet that any beverage or liipiid medicinal iirepaiation 
contains denatured alcohol, he must secure samples of the 
suspected goods and forward them to his siijM'rior officer, 
who will foi-ward them to tlie (iroper cliemist for analysis. 
Such samples should he so marked as to identify them. 
Any internal-revenue officer is authorized to take samples 
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of denatured aleoliol, wlierevor found, and at suoli times 
as it may he deemed neec'ssary, said samples to hi' sul)- 
niitted (o the ])ro](er official for examination. 'I'liese sam- 
])les will, under no eii'cninstanees, be more than will he 
needed for analysis or examination. 

Paht Jll. 

SPECIAL DENATLILVN'I’S. 

See. 79. vXs the af>ent.s adapted to and adojited for use 
in eom|i]ele denaturaiion render the alcohol denatured 
unfit for use in many industries in which ethyl alcohol, 
withdrawn frei' of lax, can he prolitahly emjiloyed, Iheie- 
fore, in order to give full sco)K‘ to the o|)eration of Ihc' 
law, spi'eial denaturants will he authorizi'd when abso¬ 
lutely neei'ssary. 'ih't the strieti'st survi'illanee must he 
exei'cised in the handling of alcohol incompletely or spe¬ 
cially denatured. 

FOHMri.A l''OH SI’KCIM, DKN ATTliAXTS TO KK SriiMITTKO TO 
THE COM M ISSIO.N l-'.li. 

Sec. )s(l. I'he (Vmnnissioner of Internal Revenue will 
I'onsidi r any I'oi mula for sjiecial denatnratiou that may 
he submitted by an,\ mannfaetuii'r in any art or industi'y 
and will determine (1) whether or not the manufaeture in 
which it is |n' 0 )iosed to use the alcohol belongs to a I'lass in 
which tax-free alcohol withdrawn under the ])rovisions of 
this act can he used, ( 2 ) whether or not it is ]»raetieahle to 
permit the use of the pro)>osed denatiirant and at the same 
time ])roperly safeguard the I'cvenue. Rut one s]K'ciid 
donaturant will he authorized for the .same class of indus¬ 
tries, uidess it shall he shown that thi'ie is good ri'asou for 
additional s|iecial denaturants. 

1'he Commissioner will announce from time to time the 
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formulas of donaturaiits tliat will bo iionuittod in the sev¬ 
eral classes of industries in wliieli tax-fi'e<> alcohol can 
he used. 

Al’l’LK’ATION FOH I’HliUirs TO I'SK, SI>K(TAI> I) lOX'ATlUiA X'TS. 

See. SI. Mannfaetnrers desiiino; to use s])eeially or iu- 
eonipk'tely dinahiied alcohol in their hnsiness must make 
application to the collector of internal revenue of the dis¬ 
trict in which tlu', hnsiness is located. In this application 
the follo\vini>- ini’orinalion must he given'I'he location 
of the ]ilant; the name and address of each partmn- or the 
cori»orate iiame, if a cori)oration ; a com]ilete description 
of each hnilding on tiu' manufacturing premises as to 
dimensions, ))artitions, apartments, or ojicmings; a com¬ 
plete d(\seri])ti(m of tlu‘ room or ))la(‘e in which it is ]>ro- 
liosed to keep the denatured alcohol stored as to dinum- 
sions, op'inings, and kind of mateiials of which con¬ 
structed ; th(> kind of business carried on and in wdiicli it is 
))roposed to use the denatured alcohol; lli(> siX'cial deuiitn- 
raiits (h'sired to he used and th(‘ reasons for desiring to 
use such spe<Mal denatnrants; the ([uantity of denatured 
alcohol it is estimated will l)e used until tin* 1st of tin* n. xt 
duly followujig; and if alcohol is recoviued iii the piocess 
of manufacture, the mamiei- in which it is recovered, its 
condition wIkmi recovered, ami the .])ei('entage so lecov- 
eied. 

S'l'OKKROOM TO BK SET ASIDE-HOW COX S I B |•(■'I■|•:D. 

See. 82. -V room or building must he ])repared and set 
aside in which to store the dmiaturi'd alcohol after it is 
brought upon tin* premises, and such room or building 
shall he numbered serially in each collection district. 

Said nxmi must he ou the manufacturing premises, and 
it must he used for storage of denatured alcohol, alcohol 
recovered iii the ])tocess of manufacture, for the work of 
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restoring and rodenaturing sucli recovoicd alcoliol, and for 
no other jiurpose. 

rt must be securely constructed in such manner as to 
render entrance imi)ossible during the alisenee ol’ the i)ei- 
son in whos(' charge it is ])laced. 

'Idle doors and windows mnsf lie so eonslrueti'd tliat 
(liey may he securely 1’aslened. j\II neci'ssaiy oiienings 
must be under a iiresci ibed lock, the key to be ki'pt liy the 
person designated to liave eliarge of llie sformoom. 

A sign, “ I)('natur(‘d Alcohol Storeroom Xo. —must 
be placed over the main door of the room. 

FORM OI’ Al'I’im.'A'riON WD 'I’O WHOM MADI',. 

Sec. S;!. The a))|)lication made to the collector by tlu' 
manutacturer must be in duplicate and in the form pre- 
scribi'd lielow; and a diagram showing the buildings on 
the maiml’acturing ]>remis(‘s and their relation to each 
other must accompany the notice: 

XU'IJCI-: r.Y -MAM I'VfTl HIJtS. 

iX'-Uce IS hrreby siven that --of thf^-of-. 

C()um> of ---and State of - iiiteiul—, untler the name or style 

--- to (-.n-ry on, after the-day of-190'—, on 

the premises owned by--. situate No - street, in the 

-of-, county of-and-of —- 

(Name of all partners inlercKte<| in tlu' business, if’a firm, or name 
of corporation if a corporation, with residcmcc.) 

(Particular description of the lot or tract of land on which llu' 
huildings used in the business are located ) 

(Size and description of all bnildinAs on the manulacturins preinisea 
and material of which constructed Purpose* for which used ) 

(Statement of the title under which the premises on wliich the 
nianiifaeturin^ business is situated is held and the name or names of 
the owners thereof ) 

Said--desires to use specially denatured alcohol, at 

-proof, in manufacture of the said-. the alcohol to he de¬ 
natured by the use of the following agents as denaturants. —-- 
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-, and ha provided and set aside a store-room on said prem¬ 
ises in whifii to store said dcnalnred alcohol, said storeroom being 

described as follows:-- 

It is esliniated that-proof gallons of denatured alcohol will 

be used in the manner indicated between the-day of-and 

the —- day of July, 190—. 


Subscribed and sworn to before me this - day of-. 100—. 


Sec-. S4. Tills notice* vvnil Ik- given in all c-asos before be¬ 
ginning bnsinc-ss or bel'ore using s])e(-ially dc-natnred ab-o- 
bol in said Inisincss, and on tbe first day of duly of eac-li 
succ-oeding yc-ar in <-ases wlu'ie flu- Inisiiu-ss is (-ontinned. 

Tlie name of (-very jierson infc-rc-sted in the Imsiness as 
a partner must lie stated in the proper spac-e, exi-ept in 
tlie (-asc of nofic-c-s givt'ii by incori>orated (-oinpanies, whe-n 
the names and addre-sses of tlie olfK-ers of tbe (-orjioi’ation 
should be given. 

The- signaliire to tbe notic-c* when given by an individual 
must ill all c-asos bc-i made by tbe manufacturer in jK-rson, 
or in bis name- by bis authorized age-nt or attorney in fact. 

Tn <-asc of a tirm, the- signature must be- made in tlic firm 
name by a nu-mber of tlic firm or by some ]H-rson duly 
authorized as above. 

In <-aso of a <-orporatioii, the signature- must be made in 
the- name and nndc-r tlu- seal of the c-orporation by Ibe 
pro))(-r ollic-c-r thereof. 

COLI.EC-'rOK TO C.M'SK I'l.ANT 'I'O ISE INSPECTED. 

Sec. So. I"|)on rer-c-ipt of the foregoing notic-e the c-olloc- 
tor will, either by liimseH' or one of bis dejiuties, jirocc-c-d 
to the mamifac-turing plant d(*s(-rib(>d in the apjilic-ation 
and notic-e and iiispc-ct same, lb* will ascertain wiicthcr 
or not the statements in tbe notic-c- and reiuvsentations cm 
the ac-eomiianying diagram are true and c-orrc-c-t, and if be 
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finds tliey ar(“, lio will indorse on the noti(‘i‘ tlio followinjj: 

I hereby certify thiil I hnve oxaiviined the premises of —'--, 

described In (be within application and accompanying; diagram, and 1 
find the statements and representations therein nnuU' to la* true and - 
correct. 


——— ('nUrctor. - 7)hstn(t -. 

e'Oldd’U’L'OH TO KXAMINK Al'l'Idt'ATloN. 

Sec. 86. One copy of the a|)])li('ation will he vetiiined by 
tht" collector find tlu' olhc'r will he I'orwarded to the (!oni- 
jnissioner of Internal Ihivenne,. d’lie eollf'ctor will exain- 
in(> tli(“ application find will detenniia*^— 

rirst. Whether alcohol withdrawn from bond free of 
tfix under the ])rovisions of this act ciiii 1 h‘ nsi‘d in the, 
inanufaeliire of the article or articles it is ]iroi)osc'd to 
jmimifaeture at said lilaee. 

Second. Whether tlu' dmiatnrants ])roi)Osed have been 
authorized hy (he ConmiissioiKM' ot Internal Kt'vemu' tor 
(he class of industry in (piestion. 

'Third. Wladhcr th(> ])i-emises can, under these r(‘gula- 
tmns, he nsed for the storage of denatured alcohol—that 
is to say, whetlH>r oi' not they come within om* ot tin* 
classes of premises ii])on which denatured alcohol can not 
he stored. 

Fourth. Whether the room in which it is proposed to 
store the denatured alcohol to Ik* brought upon the i)reni- 
isos and used for imiiiufaeturifig luirposes, as indicated, is 
sate and se<‘ur<^ and meets the rcM|uirements of the regula¬ 
tions. 

If the eolleotor finds favorably on all the above propo¬ 
sitions he will apinove the apidieation. 

See. 87. Tf the industry iff which it is i)roi)osod to use 
the deinitnred aleoliol has not ht'cn held hy the ( ommis- 
sioner of Internal- Kevenne to he an industry in which alco¬ 
hol withdrawn under the provisions of this act can ho 
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used, or if tlio ])i()])osod fonmila of deiiatiirants lias not 
duly antlioriz('(ly tlio collector will take no action upon 
tlip application until tlu‘ (knnniissionci’ lias passed njion it 
and lias duly advised liini. 

iM AN rKACTriUCHS 'I'O (ilVE noND. 

Sec. SS. If the application is apiiroveil the niannfac- 
tnrer shall at once he notitied, hut hefore th(> use of spe¬ 
cially denatured alcohol is periiiitt<>d on the jin'iiiises, or 
at the jilace desii'-nated in tlu' aiiplication, the iiiaiinfac- 
tnrer shall tile Avith the collector a bond in (he ])rescrihed 
foini, said bond to lie renewed annually on the first day 
of .Inlv and to rim until the first dav of the followdii^ 
duly. 


FOKM 1)1' M AXri'AC I I'UKH S HOM). 

Know all men by these presents, th.it--, of-. us 

principal, and-, of-and — --- of —as 

sureties, are held and firmly bound unto the tiniled Slati's of America 

in the sum of-dollars, to be paid to the said United Slates; for 

the payment whereof we bind ourselves, our hens, executors, ami ad¬ 
ministrators, jointly and severally, firmly by these luestmts 

Witness our hands and seals this —- day-. nineteen bundled 

ami -. 

The condition of this obliRution is such that whereas the above- 

boumlen principal is engaged in the business of nianufactuiing- 

—-- at ——<—, in tbe county of-, State of-, and intends 

to use in said manufacture alcohol withdrawn from bond free of tax 
and denatured in the following mannei':-said al(‘otiol so de¬ 

natured to be secur(‘d from any distiller with whom the sanl prin<‘ipal 
ran make satisfactory arrangements and transported from denaturing 
bonded warehouse to said principars manufacturing juemises above 
described. 

Now, therefore, if the entire quantity of alcohol so secured at de¬ 
naturing bonded warehouse or warehouses is trans])orted to the place 
of business of the said-, and is securely stored in the de¬ 

natured alcohol storeroom designated and set aside as such at said place 
and is there safely kepi until it is needed for use in the manufacture 
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of-by saifl---and is used liy said-bir 

the puviioses specified and for no otliei- purposes, and if flie said- 

-, or their asents or eniplo.ves, shall I'aithhilly coiriply willi all 

the reoiiirenienta and rej^ulations prescril)ed i).\' tin* (’oinniissioner of 
Interna' Revenue and at)proved hy the Secrelaiy of the Treasury in 
relation lo the tran.sporlins "f denatured alcoliol from deiiatuiins 
bonded warehouses to inanufaetiirins estalilislinients, the storins of 
said alcohol on uuinufaelurjns iireinises, and tlie heepins of records 
and the inaking of returns and reiiorts, Ihen llii.s olilisation to lie void, 
otherwise to reinain in full force and effect. 

And the obligors for themselves, their heirs, executors, adiiilnistra- 
tois and assietis, do further covenant and agree with the United States, 
in case said denatured alcohol, or any iiarl thereof Us diverted from 
the purpose for which it i.s intended, either in transit troni tile de¬ 
naturing lionded warehottse to the niaiiutactiirmg estahlishnient, or 
after it lias been storeii in said inaniifactiiring eslahlislinieiit, or shall 
he used for any juirposes other than those specified above widl and 
truly to pay, or cati.se to he paid, lo the collector aforesaid double the 
legal tax on the whole amount of alcohol so wrongfully diverted and 
used. 

The true intent of this obligation is that it will operate botli as a 
transporting and a warehousing hond. I.iahility under it la to attach 
as .soon as nnif alcohol specially denatured at «»t/ denaturing bonded 
wafhotise shall leave said warehouse to be trans|iorted lo the rnanit- 
factuiing premises of the principal herein. It is lo cover said alcohol 
while in transit lo said nianiifactiiring estahlishnient and after it is 
stored in the designated storeroom at said estalilishiiient it is in¬ 
tended lo save the United Stales harmless because of any neglect or 

wrongful act on the part of the princi|ial or any of-agents or 

employees done in connection with or in relation to said denatured 
alcohol, no matter whether .said act or acts be the inde]iendent act 
of tile principal or his agents, or an act or acts done p-irsiiant to a 
cons]iiracy or an agreement with some oflicer or agent of the ITiiitett 
Slates. 


Signed, sealed, and delivered in the [iresenco of— 


The lieiial sum of this bond sliall he the amount of the 
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lax on tlio estimated ([uantity of denatured alooliol that 
tlu- nianufaeture.r will use duriuf? the year the bond is 
intended to cover, and at no time shall the manufacturer 
have on his premises a <iuantity of denatured alcohol the 
tax upon which is more than one-half of the ])ena.l sum 
of the bond. Tbe manufacturer may, at any time it may 
ai)pear that the bond for any year is insufficient, |>ivc an 
additional bond. 

d'here must be at least two sureties to the bond and they 
must make the usual affidavit on horm No. .‘>.3, unless under 
authority contained in tbe act of .Ausn*^! 1-3, 181)4, a corpo¬ 
ration duly aixthorized in wiitinp; by the Attoruey-deneral 
of the Tnited States to do business xmder said act shall be 
otfered as sole surety. 

The Christian names of the si.s?ners must be written in 
the body of the bond and so sif^ned to the bond. 4’b<( 
lesidence of each sij^ner must be stated in the body of the 
bond. 

Kach sij^nature must be in the ])resence of two witnesses, 
who must sif^n tbeir names as such, and a seal of wax oi‘ 
wafer must be attached to each signature. 

COnT.ECTOU TO ACPHOVK BOND. 

Sec. 89. The bond, after being duly executed, will be 
deposited with the collector of internal revexiue, who will 
examine it carefully, lie will also investigate as to the 
solvency of the sxireties. If he linds thtr bond to be suf¬ 
ficient, he will approve it and forward it to the Commis¬ 
sioner of Internal Revenue, together with his certificate to 
the effect that he has examined the bond and finds it made 
in accordance' w’ith the regulations, and that the suietios 

are sufficieixt. , 

If upon receiiit and examination of the bond the (com¬ 
missioner appi'oves it, he will notify the collectoT, and 
thereafter, during the life of the Ixrnd, it will be lawful 
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for the manufacturer to receive and ti ansport to liis man¬ 
ufacturing i)rc7nises from any distiller wlio is a denatuiei' 
of alcohol, alcoliol denaturcid in th(' manner i)rescril)ed in, 
the a])i)licatioii and bond. 

(’ODDE(’TOR TO ISSUE 1’EIiMIT. 

Sec. !)(). Upon the a|)pro\’al of the hond, the collector 
shall issue a permit to the manufacturc'r, which shall he 
numbered serially and shall he in the following form: 

MAN’l'I-At ri HUU'S UKIt.Mir. 

Tins is lo certify, wheiens ——-. niauufaotiirers of-, in 

the county of-, State of-. on the-tiny of-. 190-, 

made apjilicat ion for permit to use alcohol dtuiatured in special man¬ 
ner. to wit. ]}y tlie use of —--, and the said application having been 

approved, said manufacturers g:ive bond as I'Ctjuired by law, and the 
saint* has been apjiroved. 

Therefore the said mannfaeturors are hereby authorized and permis¬ 
sion is hereby given them to receive and have transported to their 
premises and stored in their designated storeroom for denatured alco- 
aol, alcohol denatured in the manner above indicated. 

This permit expires July 1, 19()>. 


Collector Disinct -. 

MAN IJi-'AcrnrilKll TO (ilVK No rU’K OF nKNATl'KER FROM WHOM 
AL(H)I10lj JS Sl'X'l’RKD. 

See. 91. Manufactmei's who liavc given bond and ve- 
eeived the i)ermit and arc thereafter authorizc'd under the 
restrictions herein ])ieseribed to use alcohol denatured 
with special dcTiaturants may secure from any distiller 
Avho is a. denatuier of alcohol thc' alcohol to be used in 
said business. 

The miuiufaetui’er shall give noliee to the eolleetor of 
the district in 'which his establishment is located in the 
following form in duplicate if the manufacturing estah- 
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lishnu'iit and tlio denaturing boinled wareliouso at which 
tlie alcohol is denaturc'd aie in the saine collection district, 
and in triplicate if they are in different districts. 


CoJU’i tor, Disirivt of -: 

You aie hereby notifietl that I have arraiiRed with - - 

proprietor of distillery No.-, located at-, in the district of 

-, to supply-- from denaturing bonded warehouse 

No.-. located at-, in the-tlistrict of-, with alcohol 

denatured in accordance with the terms of-api)licalion approved 

on the-<lay of-, 190-*. in the following manner, to wit:- 

Said alcohol to he used in the manufacture of-in-estab- 

lishniein located at-, in the district of-• The alcohol is to 

be transi)orted to-liremtsos by-and —-. 

(Signed) —--. 

rpon recept of this notice the eotlector sliall retain oik* 
co))y in his office. The other eoiH' he shall forward to tin* 
('oinniissioner of Internal llevenue, and, if the inauufae- 
tui ing estahlislinu'iit and the warehouse at which the alco¬ 
hol is to he denatured are iu diffei'cnt districts, the tliird 
eo]»y shall he forwarded to the eolleetov of the disti'iel iu 
which the denaturing hoiided warehouse is located. 

NOTICE To OFFICER AT DENATURING BONDED WAREHOUSE. 

See. !)2. The collector of the district ill which the d<'- 
iiatuiing hoinled warehouse is lo<*at,ed shall forward 1o tlu* 
officer in charge* of said warehouse a uotiee in the follow¬ 
ing form; 

You are hereby notified that-, manufacturer of-, 

located at-. in the district of-*, ha— lieen duly authorized 

to use in (he manufacture of said-at said eslablishnient alcohol 

specially denatured in the following manner,-and the said-- 

ha— given notice Uuit-he-ha— arranged with--. 

proprietor of distillery No.-, to supply alcohol .so denatured from 

denaturing bonded warehouse No.-. in the-District of-. 

You are hereby authorized to permit said distiller to withdraw from 
bond, free of tax, alcohol to be denatured in the manner indicated. 
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the qii.-intlty to he withdrawn during the current fiscal year not to 
exceed-gallons. 


Collector. Distrtvl. -. 


IIEC.PLATIONS I'RESCRIBED IN CASK (IF COM FEETKEV DENATl'KED 
AI.COllOL, I'O AFl’IA’. 

See. !),■>. Tlio I'Cfruliilioiis I'roscribiiig the iiianner in 
wliich alcohol is to be witlidiawii from warehouse, trans- 
feired to dmiaturing bonded tvarehouse tind dnm|)ed, the 
mamu'i- in which the denatuiants are to be bronght u|)ou 
the itremisos, stored and tested, in tbe case of comitleteiy 
denatured alcohol, apiily in case of s|)ecially denatui-ed 
iilcohol; likewise the regnhitions jtrescribing the inannci’ 
in M'hich conijtletely denatured alcohol is to be drawn off, 
aflei’ being denatuied, gauged, inai’ked, etc., apjily in case 
of s|)('cially deniitnred alcohol. In the ciise of sitecially 
denatured alcohol the following marks, in addition to those 
prescrihed for comitleteiy denatured alcohol, must be put 
upon the slamit-head: 

llcnaluiod for-, itropriotor of storeroom for specially denatured 

aliohol. No.-in the dial rid of-. 

SeUCIAI. AND COMPLETE DEN .\TI'H A N TS NOT TO BE Ml.TED. 

Sec. 94. In no case is completely denatured alcohol to 
be mi.xed with specially denatured alcohol and special de- 
naturants are to be kept completely separah:’ fi'om de- 
naturants used iu complete deiuitui'fition. d’he officer in 
charge of the warehouse must he careful to see that de¬ 
naturing matei’ial tanks arc empty heforc any speciiil or 
complete denaturing agents are duniiicd. Lik('wise ho 
must b(' careful to see that the mixing tanks are empty be- 
for(‘ any dumps, either for s])ecial oi- comphde denatura- 
tion, are made. 
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SPKdIALTA' DKNATUKKD ATA'’()H()Ij TO BK AT ONCE PUT IN 

TRANSIT. 

Sec*. 95. As soon as specially dciiaturod alcohol is gauf>- 
od and the packages are i)roi)erly marked and staini)ed. 
it must be removed rrom the denaturing bonded ware- 
liouse and i)ut in transit to the maimfactm'cr for whom 
it was tlenatured, and nnder no cirenmstanees must any 
other disposition be made of any ])'art of it. 

KKPOUTS AT WAlilCllOl Sl',, KTC. 

Sec. 9(). Reports, recoi'ds, etc., relating to the alcohol 
after it has been dcTiatnred, and to he made and kcjit hy 
the officer and the elistillei' must, in tin* case of spts-ially 
denatured alcohol, contain columns and spaces for show¬ 
ing and must show the name and address and number of 
the manufacturer to whom the alc(.)hol was sold, and the 
following additional reports must he made hy the officer 
and the distiller: 

Collector - DKtrict of --—. 

You are hereby notified that I have litis day deliverod lo- 

-. proitrielor of distillery No. -, district of-the lollott- 

ing packages of specially denatured alcohol. 


N umber <‘t' 

Fci ml NiiiiilK r 

Sorml Number 



rtickugo'i. 

1 su'kti*re« 






! 




Sc.id alcohol was denatured at-denaturing honiled warehouse 

No. -. located at-, in the-district of-, and it was 

disposed of to--. proprietor of manufacturer’s storeroom 

No._, located iit-, in the district of -, in accordance with 
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spociflcations as staled in the notice of- -, 190-, and it has 

this day been forwarded to-, at-, by-, 

there to be delivered to said manufacturer. 

United Slates Officer. 

This roport shall bo iiiado in triiiliciito, one coiiy to ho 
sent to the (‘ollootor of the disti'iot in whioli the dontitur- 
ing bonded waielionso is looated, one to the eolleotor of 
the distiiot in which tlie niannfticturing establishment is 
located, and one to the Commissioner of Internal Revenue. 

NOTICE OF SHIPMENf OF SI’KCIAUA' DEN ATf it El.) AT.COHOn. 

See. 97. The distiller shall ineiiart* and forward a re 
l)ort in the following form: 


Collector: 

You are hereby notified tha) T have this day received from-- - 

- denaturin^j: bomied warehouse No. -, located at-, in 

tjie-district of •—. the iiackages of specially denatured alco¬ 
hol described below and have forwarded them to-—, manu¬ 

facturer of —. and proprietor of manufacturer’s storeroom for 

spe<‘ially denalunid alcohol No.-, located at -, in the district 

of-. 


Number of 
PaokiiKc-. 

Serial Number 
I’aekajfe.-. 

Serial Number 
Stamps. 

Wine (lallonf. Proof (SaUoiis. 

i 




j 


Proprietor of Distillery No. -. 

ALt’OHOli TO JM-: IMtOMPTr.Y KOlUVAUDKl) AND NOTU:K OK 

(dykn. 

See. 98. It shall be the duty of the officer in charge and 
Iho distiller to see that the denatured ah'ohol is promptly 
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delivered from tlie deiiaturiiif? bonded warehouse to the 
eommon earlier. 

The manufacturer must immediatel}^ u]ion receijit of 
the alcohol store it in his designated storeroom for de¬ 
natured alcohol, and must at once prepare report in the 
followinj? form: 


.NOTK’K OF UKCKH’T OF ALCOHOL. 

Office of 


('ollector - Distnvt - -. 

Vow are hereby notified that I have ll^is <lay received from- 

-, carrier, the packasea of denatured alcohol hereinafter de¬ 
scribed, received at-on the-day of-, 190—-. by- 

-from--- , propidetor of distillery No. in the 

-district of —--, anti denatured at-in denaturing bomled 

warehouse No.-. in llie - district of-in accordance 

with the formula authorizetl on the-day of-•, llh)—. Said 

alcohol has been stored in desiRnated storeroom for specially denatured 

alcohol on-l>remises and will not be removed from there except 

as it is needed for use in the.* manufacture of-. Said storeroom 

is in the custody and contiol of--. 

Respectfully, 

--— -. Manufacturer. 

This i-eport shall ho made in duplicate, one copy to he 
forwarded to the collector of llu* district in whi<*li the al- 
eoliol was denatured and the other to the eollector of the 
district in which the manufacturing ])]ant is Iwate^l. 

MANri-'A( rX KKH’s Al.COHon HKCOHD. 

Slec. 99. The manufacturer must keeji a record in which 
he shall enter on the “ Received” side the date ui)on which 
he receives any denatured alcohol on his premises, the 
number of ])a<-kages reeidved and tlie name and address 
of the distiller, the district in wliieh denatured, the name 
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of tliD officei' who gniigcd tho alcohol, the serial numbers 
ol‘ the ])ackagos, the serial numbers of the denatui'eil alco- 
bol stamps, the number of wine gallons, and the number 
of proof gallons. 

"fhese entries must be made at the time tlu^ denatui'cd 
alcohol is recciv(‘d in the storeroom and before any of it 
is withdrawn from the ))a.ckages or is used in manufacture. 

On the “ Disposed of” side of the record must be ('uter- 
ed the denatun'd alcohol used in manufacture. The en- 
ti ics must show the date ui)on which any jiackages of de¬ 
natured alcohol are hi'oken for use in manufacture, the 
number of ]iackages, the name and address of the distiller 
who denatured the alcoliol, the name of the officer who 
affixed the (bmaturi'd alcohol stiimp, the serial mmilxn's 
ol the package's, the si'i ial numbers of the denatured alco¬ 
hol stain]IS, the wine gallons, and the proof-gallons con¬ 
tents of the jiackages. 

'fins lecoid must have sjiaces and columns in which can 
Ix' enti'ied the' nmnlx'r of ]iackagc.s and the (luantity in 
A\hi(‘ and jiroof gallons of unhrokc'ii ])ackages brought 
ovi I in stex'k 1 rom pievious month, of broken ])ackages 
brought over from previous montli, total of such ]iackages 
brought over, of packages received during the month, of 
package s used during the month, of unbroken jiackages on 
hand at the end of the month, of broken jiackages on hand 
at the clo.se ot the month, and the total on hand at tho end 
of tlu' month. 


TRANSCini'T 'I'O l!E MADE (IE RECORD. 

Sec. IDO. A transciijit of this record must be jirejiared, 
sworn to, and foiwarded to the collector of internal rev- 
eiuu' ot the district tor ('ach month before the tenth dav of 
the following month. 

Idle affidavit above referred to must 1 k' in tlie following 
foi m : 
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Statk ok-, 

Coi.’MY OK-. 

On this day i)ersonally appeared before me-, duly dcsis* 

nated cuslodian of the storeroom for specially denatured alcohol No. 

- of the-district of —-, of denatured alcohol icceived and 

to be used at llu' manufacturins establishment of-, manu¬ 
facturer of-, at 1 —, in the county of —, State of-, 

and on oath states that the above is a true and correct statement on 
the debit side of the specially denatured alcohol received in said store¬ 
room, and on the credit side, of the specially denatured alcohol charged 
off for use in manufacturing-at said manufacturing establish¬ 

ment, and that all of the alcohol delivered from said storeroom was 
delivered in exactly the same* condition as when recidved at said store¬ 
room and was delivered for use in manufacturing-and was so 

used. 

--^ (Uistodian -. 

Subscribed and sworn to before me this-day of ... 100 —. 


This affidavit must bo made by tlio jiorsoTi wlio has tbo 
custody of tlie storeroom, wlietber it be tlie uumufaeturer 
bimself or one of bis employees. 

MANUFAeiUKKlt’s KJiCOlil) OF Al.COlIOO FSFO AND Ain'lCLKS 

PKoneeia). 

See. 101. The manufacturer must also keep a ))ook in 
wbieb shall be entered the (juantity of good.s produced 
and finislierl eaeli month and in wbieb specially denatured 
alcohol was used, and at the close of business each montli 
and before the lOtb of the following inontb the manufac¬ 
turer must make and foi-ward to the eolle(*tor of internal 
revenue a trausei ipt of this I'ecord and must affi.x an affi¬ 
davit in the following form: 

State or-, 

County ok-. 

On this day personally appeared before me-- , who on 

oath states that the above is a true, eorreel, and complete statement 
of the Roods manufactured during.the month last past and in the manu- 
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factiire of which denaturod alcohol was used at (he place of IniKincss 
of-, located at-, in the county of-, State of-. 

SuhK<'iihod and sworn to before me this-day of-, llttl— 


Tills affidavit must bv iiiadt' by tin* irunmranturer bim- 
stdf, llui inanafifor of tliv busiuoss, suiKuiiitpiidinit, buok- 
U('P])(*r, or otluT iieisoii who has kiiowdodge ot tin* lapts. 

(kiro should b<> taken to sih' that both of tht* abovtt-pio- 
sci ibod reoords and tht* reports iiuide tlierefrom are in 
every respect trui* ttud correct. Kiiilure to keeji these 
records correctly iiutl to umke correct re])orts from them 
promptly as ])reseribed by these regulations is a brt>aeh 
of the bond I'etpiired of the imuinfat'tnrer iiiid he incurs 
the liabilities growing out of sncb breach. 

4’he affidiivils nniy be made bcfoit' tmy revenue officer 
fiulhorized under the law to Jidmiuister oaths. Such offi¬ 
cer is not permitted to make anv charge for such seiwice. 
In the event it is not pritcticiible to have these returns 
- worn to before a revenue officer they mav bo sworn to be- 
fort* any offict'r authorized by State or b’ederal law to ad¬ 
minister oaths. 

cnsTom,\N or stouekoom to bk dusionated. 

Sec. 102. The manufacturer must either he the custod¬ 
ian in iierson of the storeroom for specially dcnaturtHl 
alcohol or he must designate some one of his employees 
to he the custoditm. 'I’he numufiieturer must notify tho 
collector of the district of the iterson wdio has been desig¬ 
nated as the custodian of the storeroom, and if for any 
reason a change is made the collector nmst be ])romptIy 
notified. 

No one nmst he ])ermitted to go into the storeroom in 
the absence of the custodian. The dtMir of the storeroom 
must he provided with suitable lock for securely fasten- 
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iiig it, and the custodian must cai*ry the hoy to the ioek. 
It will be his duty, tofyetlier with the nianutWturer (pi'o- 
v’ided lie is an employee and not the inanufa.eturev), to 
see tJiat none of llie denatured ah'oliol brouf^lit u])on the 
premises is diverted 1‘roni the use tor wliieh it was de¬ 
natured. rie must Ixee]! tlu- denatured alcohol storeroom 
record lie-reiu jiroviried for and must jirepare, sij;'n, and 
swear to the returns. 

If the manufacturm- is a, (‘orjioration tile custodian of 
the storeroom for sjiecially denatured alcohol and tin* jier- 
soii who is to kee]i the record of denatured alcohol used 
and artii'les manufactured and make the returns herein 
pre.scrilK‘d, must he named by the hoard of directors or 
other soverninw power and a certified cojiy of the min¬ 
utes of the meetinjic at which said persons were so desisj 
nated must he forwarded to the collector of the district. 

MANACEK TO MAKE AEITOAVIT. 

See. 10.1. The manufacturer or the manager of the busi¬ 
ness, provided the manufacturer is a corporation, must, 
in the event some one other than himself keeps oiu' or 
both of the records and makes one or both of the returns 
lierein prescribed, make the following affidavit to such of 
the returns a.s lie does not personally iireiiare and swear to. 


State ok-, 

COCN'TY OF -. 

I.--^—, state on oatli that I am-- of the busi¬ 
ness of-, anil that from my knowledge of said business gained 

as aiuh --, I verily believe the above stated accounts are correct 

and that the above afTidavit of-is in every particular true. 


Subscribed and sworn to before me this - day of 


■, 190 —. 
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COLLECTOR TO KEEI> KECXiRD OE MANUFACTURER'S 
OPERATIONS. 

8e<*. 104. 'I’lio collpctors of inteniiil lovcmio of tlio scv- 
oTal (listi'icta shall k(H‘|) in a l■t'(■ord, siiocially |)i’P|)arp<l for 
tlio juirposp, an account of each inannfacturer in tlie dis- 
Irict usinj? specially denatured alcohol. 

Said record shall 1)(> niad(‘ up from the reports of officer 
shovvinj^ the shipment of denatured alcohol to the manu¬ 
facturer, and the reports of the manufacturer on the 
])ro])er forms. 

Said record must show the date upon which any alco¬ 
hol was shipped from tin* ilenaturiiifi: bonded warehouse, 
the dat(‘ it was r<><‘eive<l by the manufacturer, tlu>i name of 
the distiller, the location and number of tin* denaturing 
bonded wanhouse at which it was denatured, the number 
of ])ackages in the lot, the serial numbers of such ])ackages, 
th(‘ .serial numbers of the denatured alcohol stanijis, the 
wine gallons, and the jiroof gallons. 

Said rci'ord must also show the number of packag(*s, 
s< i ial nmtduu's of such jiackages, seiial numbers of tlu' 
slanpis and ([uality of alcohol charged off for use in the 
manufactnring business, and the (|uantity used in such 
business. It must al.so show the <|uantity of the nianu- 
facturetl article in proper denominations produced each 
month, 'riiere must also be columns and s])aces in which 
to enter the (|uantity of alcoliol on hand in unbroken pack¬ 
ages at the beginning of the month, the quantity in broken 
jiackages, the (piantity receirtnl during the month, the 
ipiantity used in the business during the month, the quan¬ 
tity on hand in broken ])aekages at tlu' close of the month, 
the (puuitity on hand in unbroken packages, and the total 
(|uantity on hand. 

ALCOnoI, TO RE USED AS RECEIVED. 

Sec. 105. Specially denatured alcoliol must be used in 
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tlie manufacture of tlio ])roducts exactly as stated in llie 
manufacturer’s application and in the colle<-tor’s penult, 
and it ca.n not be used in any other matiner, and manu¬ 
facturers usiiif? such alcohol must complete the work of 
manufacture of the ))roducts specified in their notice and 
bond on the ))reniises u]K)n which they are authorized by 
their i)enuit to use alcohol. 


MANUFAC'i’rRKR (jn'ri’ixc; HusiisiKas mav kispose of aecohoe 

TO OTHER MAN UFAC'I’URER. 

Sec. 106. In tlic event .any manufacturer using special¬ 
ly denatured alcohol foi' any leason (juits the business of 
manufacturing the conmioditit's authorized by his jiennit 
and there remains on hand in his storeroom a ((uantity of 
si)ecially denature<l alcohol, he may dispose of such alco¬ 
hol to another manufacturer in the same class of business 
])rovided he gives notice to the collector of internal rev¬ 
enue. When such notice is given, a deputy collector or 
other officei’ will visit the manufacturer’s j)lace of busi¬ 
ness and check the ah‘ohol on hand against the mamifac^- 
turer’s record. Tf the (piantity on hand is found to agree 
with the manufacturer’s record and the alcohol is in the 
same condition as it was when denatured, the officer will 
report to the collector, who will issue a ])ernht authoriz¬ 
ing the transfer of the denatured alcohol to the ])remises 
of the manufactuer to whom the alco-liol has beem disposed 
of. The purchaser must be a remdarlv oualified manu¬ 
facturer and must be authorized to use alcohol spc'cially 
denatuT’ed in the manner and under the formula under 
which tlie alcohol transferred was denatured. 

PROVISIONS APPI.ICABLE TO MANUFACTURERS tJSINU ETTHKK 
SPECIAl.I.V OR OENKHAEEY DENATURED AECOHOT.. 

Sec. 107. Under no circumsbmees will denaturers, man- 
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ufacturers, or dealers, or any other persons, in any man¬ 
ner treat either specially or e.oin])letely denatured alcohol 
by adding anything to it or taking anything from it until 
it is ready for the use for which it is to he eni))loyed. It 
must go into manufacture or consumj)tion in exactly tluf 
same condition that it was when it left the deiiaturer. Di¬ 
luting completely denatured alcohol will he held to he 
such manipulation as is forhidden by law. 

Sec. 108. Manufacturers using either specially or coin- 
])letely denatured alcohol must stor<“ it in the storeroom 
set apart foi’ that pur)i(>so, th(> ])lac,e for deposit named in 
tin* bond and aiiiilication, and nowhere else. Likewise 
they must deposit re(‘ov('r<'<l alcohol in said storeroom a.s 
fast as it is rc'covered. Jt will h(* held to he a breach of 
th<* bond and a violation of the law if any alcohol of any 
kind, character, or desc,ri])tion should be found stored at 
any other place on the premises. 


COI.l.ECTOTi TO I’.H NOTIFIED OK (’UANOE IN PUANT. 

Sec. lOtt. If there aie any material changes in the man¬ 
ufacturing establishments' at wliii'h either siiecually or com- 
plctihy denaturi’d alcohol (where permit is rc(|uired) is 
used, either in the' ])lant or in the methods of manufacture, 
oi- if thme is any changi* in the ownershi)) of the estah- 
lishment, lU'w a])i)licalion must at once he tiled, new bond 
given (if bond is nei'cssary), and new jicrmit granted by 
the collector. 

Sec. lltl. Persons who use alcohol denatured in any 
manner rxcejit as is expressly authorized liy the law will 
he held to he liable' for double the amount of the tax on 
all the alcohol so used, in addition to the penalties, civil 
and criminal, exinessly provided by the act of dune 7, 
t'lOTi. 
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Part IV. 

ALCOHOL PP^COVKIiLl), l{KSTOREn, AND 
RLDLNATCHEI). 

Soc. ni. Spction 2 of llu* dcnaturod ak'oliol law ]n’o- 
vides: 

That maniifpoturors eniployini^ processes in which alcohol used fiee 
of tax under the provisions of this act is expressed or evaporated from 
the articles manufactured shall be permitted to recover such alcohol 
and to have such alcohol restored to a condition suitable solely for 
reuse in manufacturing processes under such regulations as the Com¬ 
missioner of Internal Revenue, with the approval of the Secretary of 
the Treasury, shall prescribe. 

.AlA’tmoR TO liK ItKSTOKF.D OX PREMTSKS WHERE TSEl) OR IX A 
RESTt ) R1 X (: PEA X T. 

Spc. 112. d'lip woik of t'o<'ovpririj>' jdcoliol and restor- 
injj: it to ponditions Kuitahlp for rensp in inaiinfaptuianf? 
l)r(K-pssps must lip donp on tlip ]ii’pmisps on whipli said alco¬ 
hol was originally used or at a duly antliorizpd rpstorin<>' 
plant, and it must 1)(> reused i?) the same inaniifaeturinfi; 
pstahlislnnent in wliicdi it was originally used (e.\pe])t as 
provided in Paid V'’. of these Regiilations). 

.sTiLi^ MAV lii; rsKi). 

See. ll.d. If in restoring alcohol to a condition suitahlo 
for i'(Mis<‘ a still is necessary, tin' niainifaeturei' may s('t 
uj) on Ids ininnises such still and any other apttaratus that 
may bo necessary for use in eonneetion with or indei)en<l- 
ent of the still in the work of reeovi'ring such alcohol. 
The still must l)e registerc'd in the same maninn- in wliieli 
the law and jcgiilations repuiri' tliat nil stills set u)) bo 
I’Cgistered. 7t can not 1)(‘ ns<‘d for any other- jiurpose tlmn 
to recover by redistilling aleobol that has been withdrawn 
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tVoul 1)011(1 froo oF tax for dt'naturiiig puriioses, <lenatui-o<l, 
aud then used by the inanufacturor. 

Al’PLlCATlON TO BE USED. 

See. 114. A ufianufaeturor desiring to recover and r(‘- 
nse. su(’li alcohol must in his application for ]>erniit to usi' 
denatuied alcohol in Ids business, in addition to the stat(‘- 
inents recjuiied lobe made in said application, state fully 
the manner in whi(‘h he intends to recover alcohol, the 
condition as to i)roof, ])urity, (‘tc., of the alcohol when it 
is recovcTT'd, the ])ercentage of alcohol used in said busi¬ 
ness which he pio|)oses to recover, and th(> estimated (pian- 
tity in ])roof gallons of alcohol h<“ expects to recover dur¬ 
ing the year. If it is necessary Ixd'oie ledcmatnring said 
alcohol to redistill or othei'wise treat it in order to ivstor(> 
it to a condition suitable as to proof and ])urity for use in 
the particular manufacture for which it is intended, the 
ju'ocess must !)(• exi)lained, and if a still is iisi'd the capac¬ 
ity of the still must be s(4 out in full and the other ap¬ 
paratus used in connection with tin* still must be des(>ribed. 

'I’lie ai(])lication for ])ennit must, in addition to the form 
heretofore ijrescribed (see Sec. HIS), contain the follow¬ 
ing: 

Said-—— desires to recover nlcoliol nsetl in said business 

in Uie folIowinK nianner,- The eoinlition of snid alcohol when 

reecvei eil as to purity and pi oof will he-; the i)ereenta*?e of 

alcohol used in said business which said —--expects to rt'- 

cover is-, and the (oial qiianlity —lit*— expect— to recover 

during the year be^^innins? wilh ,Iub I. Ibo*-, is-proof gallons. 

In the process of restoring alcohol In a eoinlition suitable for use. the 

followin.g appalatus will be used.-and tlie said-- 

desires to redeuature the alcohol so leeovered or restored, provided 
redonaturation is necessarv. in (he storeroom for denatured alcohol 
OB said premi^^es in the following manner-• 

'I'ho hond prcscrihcd in the cusi* of mumifactui'crs ns 
ing specially denaturc'd alcohol (see See. S8) must, in ad 
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dition to tlio provisions in tlie form set oirt, contain tlio 
following additional ])rovisions: 

And whorefls the said-proposes to rerover alcohol used in 

said manufacture in the following mariner -, said alcohol when so 

recovered to be in the following condition as to proof, etc.,-, and 

inoposes to restore said alcohol to a condition suitable for reuse in the 
following manner -. ami proposes to redenature said alcohol so re¬ 

covered and restored, provided redenaturation is necessary, before re¬ 
using same in the storeroom for denatured alcohol on said premises. 

Now Therefore if the said --shall remove all of said alcohol 

so recovered and restored to a condition suitable for reuse to-store¬ 

room tor <Ienalured alcohol on said premises as soon as it is so recov¬ 
ered and restored, shall safelv keoj) said alcohol in said storeroom until 
it shall have been redenatured. provided redenaturation is necessary, 
shall pay double the tax of on(‘ dollar and ten cents on each proof gal¬ 
lon of all alcohol recovered and reused in any manner without having 
first been redenatured, and shall promptly, and faithfully comply 

with all the law and regulations relating to the recovering and re¬ 
storing to a condition fit for reuse and the redenaturing of alcohol that 
has lK*en withdrawn from bond without the i)aymcnt of the tax. 

ROND TO UK EXKOr'i’KD BY MANUKAOTUKEU IJSINU COM- 
PDETEDY DKNATUKKD ALCOHOL. 

Soo. 11 o. No manufacturer’s transportation and stor¬ 
age 1 ) 011(1 being r(j<|iiire(l of a manufacturer using in bis 
business completely denatured alcohol, in case sueli maii- 
iifactuier desires to recover and redenatiire sueb alcohol 
so that it may be reused he must (■xeeute a bond eontain- 
ing the inox isions of the two abov'e prescribed jiaragrajibs. 
’file ])enal sum of said bond shall be double the tax on 
the aleobol it is ('■stimated the manufacturer will recover" 
and redenature in thirty days. Said bond must be exe¬ 
cuted in elu])lieate and must be approved by the cotlector 
of the district in llie* same manner as manufaetnrers’ 
bonds lieretofore prescribed, fie' must also inovide store- 
I'ooni for the* denatured alcohol used by him and must 
designate some one to act as custodian thereof, and he 
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must kof']) siu*li r('<‘or(ls and makn sunli roturus as arc i('- 
(luirod in ease of manul‘aetni-eis usinfj; si)eeially denatured 
aleohol. 

4die ))cvmit issueil to tlie ma.uufaetuier liy tlie collector 
must contain, in adilition to wliat is contained in the form 
Jieretoforc [ueseribed, tlu> following: 

And the said--is hereby further authorized and permission is 

given-to recover and restore to a condition suitable for use in said 

manufacture alcohol in the following manner--. Saul alcohol 

must be stored in the denatured-alcohol storeroom on said manufac¬ 
turer’s premises and must he redenaturetl in said storeroom before it is 
reused, jtrovided redenaturation is necessary. 

AfAlOMOT. 'I’O JtE SrOHKI) IN S'LOKKllOOM AS KKOOVICPKl). 

See. 1.1 (i. 'rile mannfaetnrer must draw otf tlie aleohol 
as it is recovered into ]iaekages and must immediately 
storC' it ill exactly tlie same eoiiditioti as it is when recover¬ 
ed ill the -storeroo'iii for denatured aleohol, and it shall 
(hereafter be in charge of the <*ustodian of said ware¬ 
house. Aleohol recovered at sneh establishment and 
phiiid ill tlie wareliouse for (h'riatnred aleoliol will not Ik* 
redistilled or otherwise treated except in the presence of 
th(‘ pro})er offieer. 

STIIJ, USED FOR HEOOVEnlNC AEODHOE OXEV, ETC. 

See. 117. 'file still em])loyed in redistillation will not 
he use<l for any purjiose execiit to redistill alcohol for re- 
di'iiatiiratioii, and it will not Ix' used exei'pt in the presence? 
of the proper otiieer. When the still is not being used the? 
furnace iloor or (‘<wks controlling the steam <‘(>nne<'tions 
will l)<‘ securely locked aiul tlie collector will keep the keys 
to said locks in his possession. 

A i’DLI CATION TO HAVE AECOHOl. HESTOREI) AND KEDEN’ATE HEI). 

See. 118. At such iiiteiwals as the necessities of the busi- 
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iicss may demand, and wlieii the manufacturer has a suffi¬ 
cient (juantity of recovered alcohol on hand to justify the 
sendiiij^ of an officer to liis phu'e of business, he may maki* 
apjdicatioii to tlie collator of the district for an officer to 
lie detailed to supervise the work of redistilling or other- 
Avise trwiting tlie recovered alcohol and the redenaturing 
'ol it. Such ap|)lication will ho in the following form; 

CoUector - Distrtcf of -. 

You are hereby nooned that there is stored in the storeroom for de¬ 
natured alcohol on the manufacturing premises of-gallons of 

alcohol,-proof, which was withdrawn from bond, free of tax, 

and denatured, and which was used in the process of manufacturing 
hhd recovered at said place. Request is hereby made that an 
officer be sent to said place of business to supervise the work of re¬ 
storing and redenaturing said alcohol. 

Manufacturer. 

COLLKCTDR TO DETAIL OFFICER TO VISIT MANUFACTURING 

PIJ.VNT. 

Sec. 110. Upon receipt of the manufacturer’s notice the 
collector will detail an officer to proceed to the manufac¬ 
turing ]n'emises in question and supervise the work of re¬ 
storing to suitable condition and I’odcnaturing the alcohol 
mentioned in the notice. The insti-uctions of the collector 
shall be in the following form: 


-. tiianufacturer of -, and projirietor of storeroom 

for the denatured alcohol No. —, in this district, located at -has 

notified me that-ha— stored in —--- storeroom - 

gallons of alcohol of-, proof, recovered in process of manufac¬ 
ture, and-desire - to have said alcohol restored to a condi¬ 
tion suitable for use in the manufacture of - and redenatured 

(if necessary) in the following manner - at said storeroom. 

You are hereby instructed to proceed at once to .said manufacturing 
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♦establishment and supeiviso the work of restoring and redenaturing 
said alcohol in the manner indicated. Yon will gauge, mark, stamp, 
and brand the packages of reilenatured alcohol and will make due re¬ 
turn of same. 


Collector - inulni I of - >— 

OFFICER TO VlSl'l' M AN’UF.tC'Pti Rl NO liSTAHIdSTl MENT. 

Stic. 120. llpoti r(><‘ei])t of tlu'so instructiotis tlie officer 
will ))iocectl at once to tlic inaimfactiirinj? establisliiuenl, 
and will sni«>i vise tlic work of rostoi'inj>' and redcnatur- 
ing- the iilcoiiol in ticcoi'dance witli tlic I'csulations. 

ddie agents to he used in i-ed(‘niituiin,sr niiist btt brought 
into the stoiei'ooin and must be ins|)ected by the officer 
innncdiidcly upon his arrival tliei’t'. lie inusl tain* sam¬ 
ples of e;ich denidumnt and foi ward them, propel ly niiu k- 
ed and hibelcd, to the ncjircst lahoratory. If the dcmitur- 
ants iire in two or more pfickages he must secure an e(|ual 
]iart from each package so tliat the samitlc will be ti rep- 
j'est'ntative one. 

file packtiges or tanks containing the denaturiints must 
be sealetl Jind must I'cmain sealed until the officer receives 
the i'e|)ort u])on the siiinjiles sent. 

Sec. 121. If the reixnt is favorable to the samples, the 
officer in charge of the storeroom nmy, id’ter the receipt 
of the I'eport, ])ermit tin' denatui’ing agents to be used in 
accordance with the genei-al or special s]KH“ificjitions, as 
the case may he, in redeniduring alcohol at said store¬ 
room. 

If the report is unfiivoridile the lu'oiiosed denaturants 
shall at once be removed from the storcrooin by the manu¬ 
facturer. 

While the officer is id the manufacturing estahlishment 
supeiwising the work of restoring and redenaturing the 
idcohol, the storeroom will be in his (uistody and he must 
carry the key to it. 
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RESTORING, REDENATURING, ANP (5AUGING THE ALCOHOG. 

Sftc. 122. Tlic i)roooss of restoring llie alcohol to a con¬ 
dition suitable for use will bo carried on in the presence 
and under the suianvision of the officer. If in the pro¬ 
cess of restoring the alcohol to a condition suitable for 
reuse it is ne<'essary to remove it from the storerooin, it 
will be returned to said storeroom as rapidly as it is re¬ 
stored and drawn off into suitable ])ackages. ^die officer 
will, in having the packages filled with tlie restored alco¬ 
hol, leave a wantage e(|ual in volunu' to the denaturants to 
be' added. Tie will as(*ei tain by weight the wine and pi'oof 
gallons in each package before any denaturant has been 
added. Tie will then cause the deTiaturants to be added to 
the ])ackage and will gauge, mark, stamj), and biand the 
]>ackage of redeJiatun d alcohol. 

4'lie same kind of ])ackages and stam|)s prescribed by 
these regulations for alcohol denature<l at denaturing 
bonded warehouses will be used for alccdiol rtHhmatun'd 
at storerooms for denature<l alcohol. Packages of rede¬ 
natured ah'ohol shall be numbered serially, beginning 
witli number one, at each storeroom. 

PACKAGES TO UK MARKED, STAMPED, AND BRANDE[). 

Sec. 12.‘i. The officer shall put the following marks, 
stamps, etc., on the i)ackage when he gauges it; 

On the stain]) head he shall stencil the following; 

The serial number of the package, the date of redena- 
turation and gauge, the wini' gallons, i)roof and proof gal¬ 
lons, the naiiK* of the manufacturm’ and the number of the 
storeroom, the State and the district, the name and title 
of the officer, and the number of the dmiatured alcohol 
stamp affixed to the jvaekage. The words “ Itedenatured 
alcohol” must be ])laced u})on each head of the ])ackage. 

The stamj) must be affixed and signed by the officer. 
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The stamps will be furnished by the collector as tliey are 
needed, and the office)- must take tiu' books of unused 
stamjjs witli liim when he. has finished the work of I'estor- 
i)if? and redeuaturing alcohol <md return them to the col¬ 
lector. 

OFFICEll TO MAIv|.; RETURN AND KEF,]> RECORD. 

Sec. 124. Iliiving gauged and maiked the several ])ack- 
iiges of ledenatured alcohol the, offi(-er will make letuiii 
of such gauge, wherein he will show iii i)i-oper columns in 
ih'tail the cajaicity of e.ich packagi*, its gioss weight, tai'e, 
net weight, indication, temperahii e, net wine gallons con¬ 
tents, |)roof and pi-oof giillons contents befoi’e the (huni- 
turants weii' jidded, the net wiiR', ))roof iuid ))i'oof gallons 
contents aftm- the denatui ants wei-e added, a])i)arent ))i-oof, 
appaient pi'ool' gallons contents, the seiial numbe)' of the 
l)j)ckage, and the serial mnnber of the denatured alcohol 
st;>m]) affi.Kcd to it. 

Sec. 125. 4'he office)- shall kee]> a reco)-d in which he 
shall ente)- in in-oi)e)- cohmms and s])aces in detail on th(> 
debit sid(» the (|U!\))tity of )-ecovc)'eil alcohol in wi)ie and 
proof gallons found i)) the sto)-e)-oo))) when he arrived at 
the establish)))ent, the' <|uantily i)) wine and ]n-oof gallons 
of alcohol )-esto)-ed each ilay, the. ))ia))))er in which said 
alcohol was lesbneil, the (luantity i)) wine and (if pos¬ 
sible) lu-oof g!)lloi)s of the sevoal denati))-ants used each 
diiy, the kind ol d(“n;itu)-ants us(‘d, and the numbers of 
denatu)-aut sii)))ples sent to the liiborato)-y. 

On the (‘ledit side shi)ll be entmed i)i the ])ro])ei- eol- 
mnns the (kite upcni which anv alcohol is rede))atured, the 
number of pjickiiges, the sei ial numbeis of the jiackages, 
the serial mimhers of the denatuied alcohol stamps on said 
])ackages, and the wine and jinxif gallons. 

off)cf;r to make report of operations at storeroom. 

See. 12(!. At the end of each month, oi- as soon as tlie 
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work of restoring the aleoliol to suitable condition and the 
1 'edenaturing of it is completed, the officer must make a 
transcri])t in duplicate from this record and foi-ward it to 
tlie collector. 


MANUFACTURER TO KEEP HEl^ORD. 

Sec. 127. The manufacturer must keej) a record in which 
lie shall enter daily in ])roper spaces and columns the 
quantity in wine and proof gallons of alcohol recovered 
hy him and i)laced in storinoom, the ((uantity of dena- 
turants placed in said storeroom foi’ redenaturing pur- 
Ijoscs, and the quantity of alcohol, in wine and proof gal¬ 
lons, restored to a condition suitable for use, and the (pian- 
tity of (>ach denaturant used. 

Ife shall also ent<‘r in said record daily the (piantity of 
alcohol ledenatuied in his storeroom, the serial nundiers 
of the ])ackages, the serial numhers of the denatured a1- 
<‘ohol stamps, and the wine and ])roof gallons of the rede¬ 
natured alcohol. 

MANUFACTURER TO MAKE TRANSCRIPT AND REPORT. 

Sec. 128. Tie must prepare a transcriid of this record 
at the end of the month; and before the lOth day of the 
following month he must swear to same and forward it 
to the (‘ollector of internal I'evenue. The affidavits to 
this iTqiort must be inade hy the custodian of the store¬ 
room and the manager of the business and must be in the 
following fonn; 

state of -, 

County of -: 

I,-, state on oath that I am custodian of the storeroom 

for denatured alcohol. No. -•. at the manufacturing estabiishment of 

--, manufacturers of-at —-. in the county of 

-. State of-^—, ami that the above is a true, correct, and com- 

piete statement of the alcohol withdrawn from bond, free of tax, and 
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■tienatiired at denaturing bonded warehouse, recovered in said manufac¬ 
turing estubiishnient, restored to comiition suitable for reuse at said 
lilace and redenatured in said storeroom for denatured alcohol (or 
that such redenaturation was not found necessary), and that no alco¬ 
hol, which was recovered and restored at said i)lace, was used in any 
manner until after it had been redenatured, nor was any redenatured 

alcohol used in any manner except in the manufacture of - at 

said place. 


Cusilodia}! Htoret'oom No. -. 

I_-_ state on oath that I am---, of llie above- 

■described business, and from my knowledge of the business I lielievi' 
the above report of business done to lie true, correct, and complete, 

and the statements contained in the aiiovc atlidavit of--, 

custodian at said storeroom, to !><■ in every respect true and correct. 


The above two afTnlavits were snbscrilieii and sworn to liefore me 
this —— ilay of-, 100—. 


MAN t'FACTUKKH TO MARK, K.NTHV IN liRCOHD OF AI.f'OllOT, 
ItF.OF.lVED AND DISPOSKD OF, FTC. 

Soc. 12i>. 'riio iiiiiiiufaotiifei' must til.so enter on lii.s ree- 
ord of deuatuivd alcoliol received jiiid disiio.stxl of the 
packaf?(*« of alcohol redenatured at stiid storeroom. On 
the “Keceived” side of said record must he shown the 
date 111)011 whicli tlK> alcoliol wtts received from redena¬ 
turation. 'Phe alcohol must he titntcd in the same man- 
nei‘ on said record as it wtis when icctived oriirinally. 

Tu the summaiy on said record tho tiuantity of alcohol 
i'(>coived from redeiuiturjition and reused must be shown 
in items separate from the dt-natiired alcohol coming into 
the stock originally from deialers and denaturers. 

(tOl-imCTOK TO KEEP ACCOUNT WITH MANI’EACTtUIER OF 
A not) 11 o I j a ESTo It F, I). 

Sec. 1.‘50. The colletdor must keo]) an account with each 
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inaiinfacturer wlio rocovers, restores, and redenatures al- 
eoliol. This reeord nmst he inade troiri the reports of the 
elK'iiiist, offi(‘(‘r in eliarji^e of tlie storeroom, and nianu- 
la<‘tnrer. It must sliow the cjuantity of aleohol reeovei'ed 
and ileposited in storeroom each day, the (piantily ivstort'd 
to a eondition suitable for reuse, the quantity and kind of 
denaturants us('d in denaturing said alcohol, tlie name of 
llie officer sujjorA’isinac the restorinj? of and ic'denalurinjr 
of said aleoliol, tlie number of jiackages and the serial 
number of same, and the ipiantity in wine and proof f^ab 
Ions of alcohol redcnatured, gauged, and delivered to the^ 
manufacturer for reuse. 

AocoHon NO'r to be kkdexaturf.d tini.ess neoessaby. 

Sec. Idl. ilanufacturers who recover alcohol will not 
be reijuireil to have said alcohol redenatured if it retains 
a sufficient (piantity of the original denaturants to jvrevent 
its use as a beveVage. If nc<‘essary, this may be deter¬ 
mined by the chemii'al e.xamination of samjilcs taken for 
this ])urpo.se and toiAvarded to the nearest laboratorv. In 
the event it is not necessary to redenature the alcohol the 
manufacturer must deposit it in his storeroom in suitable 
])ackages and make* apiilication to tlie collector of internal 
revenue to have it ri'gauged and restanqied. The collec¬ 
tor will detail an officer to visit the storeroom and regauge 
and restamp the alcohol. When it has been rcgaugeal and 
lestanqied the alcohol will be taken up on proper records 
liy the officer and the manufacturer, and will apjiear on 
the monthly reports in the same manncir as though it had 
bt*t*n redenatured. The offiiw making the regaugc will 
make a report in the same manner as is reouii'ial when 
alcohol is redenatured on the manufacturer^ ]>remises, 
excejit that the re])ort will not show that the goods are ro- 
denatured. 
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I>Airi’ V. 

UP]ST01{INf3 AND 1?P:DNNATITKING PLANTS. 

Sec. 132. ('ontrally located j)lants may l)c establisliod 
lor the purpose ol restoriiij^ to a eonditioii suitablt! tor re¬ 
use and for riNlenaturing, if iiw-essary, aleobol r(!coverod 
by manufacturers; these plants to bo bx-atcd at such 
])lac(>s as the ('ommissioner of Internal Revenue may deem 
necessary. 

WAREITOUSE: now CO.N'S'rRUUTED. 

Se<-. 1.33. A warebonse cimstructed in tlie manner in 
wliicb distillery warebouses arc? constructed must be i)ro- 
vided. 3’bis warebonse to be used for ilu‘ puri)ose of stor¬ 
ing recovered denatured alcohol received from manufac¬ 
turing (‘stablisbments. Kitbei" an a])artm('nt in this ware¬ 
house or a sppai'ate wai'ebouse may be ])rovided in which 
to i’ed(‘nature and store tlK*^ I'estoreil alcohol. This apart¬ 
ment or si^parate wareliousi’, as the case may be, must be 
constnicti'd in the same' manner as denaturing bonded 
wareb(ms(‘s heretofore describcxl. It must be sui)i)lied 
witli mixing taid<s, and a room to l>e used as a denaturing 
material room must be provided. 3’be apartment used as 
a denaturing bonded warehoust- must be sei])arated from 
the a])artment used as a storage room for the ri'covered 
alcohol r(H-eiv(‘d from manufacturers, and there must be 
no o]>enings or doors betwi'cn the two a])artments. 

'fhe denaturing material room must be constructed in 
the same mannei’ as similar rooms aie constructed at de¬ 
naturing bonded warebouses, and all of the ap])lianees re- 
(|uired at elenaturing bondeil warehouses must be sup- 
l)lied. 

-CISTERN ROOM TO BE PROVIDED. 

9 

Sc<'. 134. A cistern room constmeted in the same man- 
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ner as are cistern rooms at registered distilleries mast be 
])rovided. In the i)roeess of j'estoring tlie recovered alco¬ 
hol by rtidistillation, it must be received into tlie cistenis 
direct from the wonn or condenser in tlie same manner as 
distilled spirits are received into the cisterns at registei'ed 
distilleries. 

'I’he (‘isterns and cistern room must b(> supplied with 
the same kind of locks as are reipiired for similar rooms 
at registered ilistillcries. 

Sec. When the restoring and r('denaturing plant 

is in ojieration it must be under the supervision and con¬ 
trol of a storekeeper-gauger or othc'r officer designated 
by tlu‘ collector of internal revenue. 

This officer shall carry the key to the waiehouse or 
warehouses used in connection with the plant and the cis¬ 
tern an<l cistern rooiiis. When op(n’ations at the* plant are 
suspimdi'd for the day he shall Io<‘k the st(*ani valves con¬ 
trolling tlie sujiply of steam to the several ])arts of the 
))lant, and such other ajijiliam'i's as will prevent the ])lant 
from being operated during his absence. Ihider no cir¬ 
cumstances is lu" to iXM'mit any work to go on during his 
absence, and 1 h‘ shall exercise the same kind of sur-veil- 
lance over the iilant as is exercistH.! at registered distil¬ 
leries. 

APPLICATION TO BE MADE TO COLLKCTOIL 

Sec. l.'ki. Any person desiring to establish a plant at 
which denatured alcohol recovered at a manufacturing 
establishment may be restoied and redenatured shall liiake 
njiplication to the collector of internal revenue in the dis¬ 
trict in which such ])lant is to lie located. 

In this apiilication he shall state the exact location of 
said plant. Tie .shall describe all of the buildings located 
on the i>remises. In this description he shall give the 
size of each building, the materials of which it is con- 
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stnicted, and their location witli reference to eacli otiier. 
lie shall describe all of the apy)aratus intended to he us(m 1 
in the work of restoi'inf? alcohol. 

ff one or more stills are used lie shall describe each still 
acenirately, giving? the cajiacity of each, together with all 
of the connections aiul other apparatus used therewith. 
He shall describe the cisterns, cistern rooms, warehouses, 
or tanks constituting a jiart of the jilant, giving the capac¬ 
ity of each cistern or tank in gallons. 

9'he application may he in the following form: 

T<} Collector of Internal Jlevcniie, 

- Dishitt of - 

Silt; Nolitip ia hereby niven (hat 1 have oreeteil for the purpose of 
leatoriiiH deiiatureil alcohol and redcnaturiiis it a plant located at 

-, State of-, described as follows: —■- 

I Here kivou description of the plant, toifether with the cistern cistern 
room, still or stills, warehouse, etc., as ropnired above.J 
and yon are hereb\' rt'qneated to c.inae sncli jiroposed restorintt and 
redenatnring plant to be inspected wilh a view of determiniiiK whether 
or not it is constructed in compliance with (he law and regulations 


I’ropnelor. 

A diitgram. U]ion which is shown Ihe entire ]ilant with 
all the buildings located on the jirtunises must be suh- 
mittod with this ti])]ilit‘ation. 

U])on rtH'cipl. of the aitplieatiou the eolloetor will, cither 
himself, or by one of his deimties, visit and ins])(‘et tlK> 
premises. He will determine whether or not the itlant is 
construettMl in accordance with the regulations, and 
whethtu’ or not the stiitements made in the jiitplication and 
the representations made on tlu‘ diagriim tire true. 

If he tiiiils thfit the stiiteuuuits are correct and thtd the 
plant is constructed iu accordance wilh the regulations, 
he will so indorst' uiion the tpiplication, and the collector 
will forward same to the Commissioner of Internal Uev- 


enue. 
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INDUSTKIAIj alcohol 


If the Comitiissioi^j is of the opinion that tlie estab¬ 
lishment of the plant’^neeessary, and that it, is constmct- 
<>d in aeeordanco with tlie law and refjulations, he will ap- 
])rove it and "will so advise the colleetoi. 

aONI) FOtl HKSI'OKIN(i AND liKDENATUlUNG PLANT. 

Sw. I.'IT. Upon receipt of notice from the Commissioner 
of Inti rnal Revenue that th<‘ lestoring and redenaturing 
]>lant has h"en api)rov(Hl, the collector shall notify the ])ro- 
prietor of the iilant of such a))proval, and thereafter he 
may leceive upon his ])remises, restore, and redenature 
alcohol, p70vided, he shall first ma,ke a bond iji the fol¬ 
lowing foi in: 

Know ill! men by these presents, That - -, of-, as 

principal, and-, of-, ns .sureties, are held and flrmly 

hound unto the United States of America, in the sum of-dol¬ 

lars, for the jiayment whereof to the United Stales we iiiiitl ourselves, 
our lieirs, exei utors, and administrators, jointly and severally, firmly 
hy these jiresent.s. 

The condition of this ohligation is such that whereas the above 
hounden principal has established .a plant tor restoring and redenatur- 
ing alcohol, located at-. and whereas said plant has been ap¬ 

proved hy the Commis.sioner of Internal llevonue and the said princi¬ 
pal has lieen authorized to receive iiiion his premises and store in his 
warehouse alcohol withdrawn from liond, free of tax, denatured, used 
at manufacturing establishments and recovered in the process of nian- 
iifiicture, and has been authorized to restore such alcohol so received 
to a conilition suitable for reuse in manufacturing iiroces.sos, and has 
lieen authorized to redenatuie such alcoiiol at his redenaliiring ware¬ 
house located at said plant. Now’, if the said--shall, in 

the operation of his restoring and redenaturing plant, bring into the 
warehouse specially set aside for that purpose, all of tlie recovered 
afhohol consigned to him hy manutaclurers wherever locflted. shall 
safely store in said warehouse all ot said alcohol so ree^||B|, shall 
restore all of said alcohol to a condition suitable for reuse iqPPPinufac- 
ttirlng jirocesses and redenattire it in his redenaturing apartment or 
warehouse, in the manner prescrilied by regulations; and if he shall 
pay the tax ot one dollar and ten cents per proof gallon upon all the 
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alcohol that may he conaijined to him hy any manufacturer and not 
properly stored in said warehouse, or slored in saici warehouse and not 
duly restored, or duly slorcii ami restored and not duly redeiiaiured 
hy iiim, and if he shall in all re.spects compl.s with ,ill ol Ihe reqiiire- 
iiicnis and jirovisions of the law and rcnulatious in relation to storing, 
restorins, redcnaturiti.u, atid disiioaina of said alcohol, then tliis ohli- 
.station is to he niiii and void, otlierwise to reniatn in lull force and 
effect, 

it IS the ititent and purpose of this ohiisation that it sh.ill operate 
as a transportation, vvareliotisin,!;, restortttn, and red"natiiriim liond, 
and tiiat liahility under it ,shall .attaidi tlic luonient atiy recovered 
ahadiol is pul in transit liy a manulaeliner to ihe principal luui'in; 
while It IS in tiansil lo him: after it has heeii de|iosiled iii the ware¬ 
house loiiiled on his reslorini; and redeiial uriiiu plant, while it is in 
jiroeess of lieinp; restored; after it has hi'cn dcqiosited in iiis ledenatur- 
iim apartment or warehouse, while it is in iiroeess ot redenatiiralion, 
after it has heen redenaliiicd, and while it is in transit to any manu¬ 
facturer lo whom it may be consigned, 

--fSKAI,.] 

-- I 

■--. Lsl'.Al..| 

Signed and sealed in the presence of— 


I’ENAI. SliAt OP iiOND. 

S(‘(‘. ToS. '^riip bond rotiuiiod of tlio jtropfietoi' of a r(‘- 
stofiiifr and vt"dc“n;itnriii{>’ plant slitill lit* in ilu* ponal sum 
tif not loss than tbo lax on tlio filoohol it is ostinnitod will 
he rostoi'otl tind I'edonalui'od tlioroiit in thirty days, juid 
in no event shall il ht* less tlnin five tlionsand dollars or 
more tlian one hundred thousand dolhirs. The sureties 
may he either ]H'isonal sureties ora eoiiiorate surety duly 
authorizetl to make bonds under the t'xistiug hiws. 

QUANTITY OP* AlX’OflOI, 'I’O UB RE rUnNEI) 'I'O MAN I'EAt'TUIiEt!. 

See. 139. Aleohol restored and redenatured at a jda.nt 
established for that ])urpose may he restored to a condi¬ 
tion suitable for reuse in manufacturing jtroeesses only. 
Aleohol reeover'ed hy any mamifacturer using either sjie- 
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cially or (•oini)l('tely doiiatured alooliol may 1)0 icstoi'ed 
and ix'douatiirtai in aocordanco willi tlie rofijulations liorein 
])ivi.s(‘iibed, Init in oacli naso the inannfacdinor .sc‘ndini>' al- 
coliol to .such plant, to l>o lostorcd and rodcMiatuif'd must 
rof('iv(> l>ack from sncli |dant a ((uantity of alcohol ofpial 
to that sent to the i)lant to h(> restored and rodtmatured, 
l(‘ss any rednetion in (|nanlity attc'iidiii"' tlie necessary 
jirocess of lestoialion. In no ('vent shall a manufacturer 
iT'ceivc' any ifit'aler (|nantitv of alcoliol from a r('storinf>' 
and ('(^denalnriny plant than is sent to snch plant hy him, 
allowance lieinn' mad('. of coarse, for the denatnrants ad¬ 
ded; and in no ev(>nt shall ah'ohol r<>dcnidnred at a restor- 
ini>' and i(‘d( nafnrina' plant !»' delivered oi' disposed of for 
reuse to anvone e\ce])t a manufacturer who had delivered 
recovered alcohol to such ])lant. 

xo oTiirn isrsiNKss to be CAJunEo on. 

Sec. 14(1. Xo husiness can he carried on on the ju'emisos 
of a restoring’ and redenaturing plant except snch business 
as is incident to the work of leceiving, depositing, restor¬ 
ing, and ledenaturing alcohol received there', and no tax- 
jiaid alcohol can Ix' received on tlu'sc' pre'mises. 

See. 141,. d'h(' pre'inise's of all restoiing and redenatur- 
ijig jilants shall at all times be opcTi to tiu' insjeeclion of 
duly authorized internal re'veniu' officers, and tlu'.v shall 
have the right to obseiwe the ](rocess(>s and methods em¬ 
ployed, and tak(' such sanpiles of the product of the ydant 
as in their judgment may be necessary, 

ULANT TO HE SECUKKD ON SUSPENSION. 

Sec. 142. When the idant is suspended the offieer in 
charge must seeui’ely lock all valves and (;ocks controlling 
the sup])ly of steam, and the furaace deiors; likewise he 
must securely lock tlie eistein rooms and warehouses con- 
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noctod with tilt' jiliiiit iind di'livt'r the keys to the eollector 
of the distriet; iiiul when tlie plant suspends opeiations it 
must ho plaetnl in such eondition hy the oftiia i- that it can 
not h(> operati'd during’ his ahseiiee, or nnlil notice' has 
heen given to the eolleetor hy the proprietor of liis inten¬ 
tion to vesnine work. 

Wdien till' pi'o]>rietor of tlie restoring and redenatnring 
plant (h'sires to snspiend opc'iations, he shall give the eol¬ 
leetor of internal rex’enue noliee of sneh inti'idion; and 
when h(' desires to resuna' operations lu' shall likewise' 
give' neetie'e', anel the' eeilh'i'tor will thi're'npon assign an 
otlie'cr tee the e stahlishnu'id wlio shall have' eustoely anel 
eenitreil eif iteluring the perioel of operations. 

I'Reil'UIKTe)!! or liKSTom Nel I’l.A.X'r To OWN ICSIWI'K. 

Se'e'. l-l.'l. In hi.s ap])lii'atiein feir ])e'rmit tei o[ii''rate‘ a ii‘- 
steiring anel re'de'iiatnring lelant the* preeprieteer innst state- 
the name of the> ]>e'rson eir persenis heileling the fe'e-sitniih' 
title' lei the' le'al e'state' npeni whiefi the' jilant is leie-ate'il. 
In the' event the' title' is not in the' ])ro]irie'te»r of the' plant, 
he* must se'e'ure the' e-emse'iit of the- eewne'rs ed’ snefi fee' sim 
plo title' in the same manner as is reepiiiTel in the' ease of 
registere'el elistillories. 

MAN UF.\e''ia!Jil<:K To KKKI’ llF.e'oim \.NI) SI'NI) Nm'I’le'K eiF 
sini'.M i;n'i’. 

See. 144. A mannfacturer using eh'natnroel aleeihol anel 
re'e-eivering it in proe-ess of inanufai'ture', anel elesiring to 
leave sue-h ah'eeheil resteneel to a e'onelition siiitahh' feir re¬ 
use in inanufae-ture at a re'steiring anel re'elenaturing jelant, 
must de'i)e>sit sue-h ale-ohol as it is re'e'eiee'reel in the eh'sig- 
nate'el store'ioom on his manufaeturing tuemise's, in tht> 
same' maniie'r as re'e|uire'el of mauufae'ture'.rs who restore 
ale-ohol e>n tlu'ir own lue'iuises. 
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I[(‘ must koe]! a record, iu wliich ho sliall outer the quau- 
lify of alcoliol in wine and pi'oof gallons rec.ovorod each 
day and stored in liis sloicrooni. At sucli times as ho 
may d(\sire. lie may sliip such recoveicd alcohol to a re- 
stoi'ing and rodcmatiiring plant, hut hot’oro it loaves his 
storeroom he must ]Hit it iTito suitahle [)ackages, and upon 
tl](‘ Iliad of each ])ackage he must place the I'ollowing 
maJ’ks: 

Denntmod altohol locovored at the ninnnl’aetnrin.e: establishment of 

--stoierooni No ——. loealed at-. in the ilistrict of 

—--.-wine .t;allons, - proof j;aIloiis, serial No. —^—. 

Tl(‘ must iiumher these packages serially, hegiimiiig 
Avitli Xo. 1. 

Upon th(‘ ei(‘dlt side of his rei'ord ho shall eater the 
date u])on wliieli he semis auy i'(‘covered alcohol to the re¬ 
storing ajid redeuatm ing ])lant, llu' nami' of the i>ropTietor 
of the i>Iai<t to whieli it is sent, the nnmhcii’ of ])ackagcs, 
the sei'ial numhers of the jiaelcages, and the wine and 
jiroof gallons. 

•NOTICK TO BE SENT TO COIAECTOK. 

See. 145. Uiwn llie date upon whieh he ])laoes in tran¬ 
sit any recoA’ered alcohol he must 2'''<'l»<'>i'e a notice, in 
which he .shall state the numhm- of [lackages, the serial 
numlieis of the jiackages, tlu' wane and prt>of gallons, and 
the name of the restoring and redenaturing jilant to which 
the recovered alcohol is scjit. 

d'his notice must lie in triplicate, 2 )rovided the restor¬ 
ing iind redenaturing jilaiit is located in one district and 
the manufacturing cstahlishment is located in another. If 
tli(‘y are lioth in tin* same collection district, then it may 
he jirepansl in duplicate. Om* ciqiy of the notice is to bo 
sent to the eolhafor of the district in which tlu' manufac¬ 
turing iilant is locatcfl, anothci’ cojiy to tlic collector of 
the district in which the restoidng and redenaturing plant 
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is looatod (pTOvidctl it is in aiiotlK'r district), and the re- 
inaininj*' copv' to tlu' officer in cliarji'c of tiic^ restoring and 
rc'denatnring plant. 

.As soon as tlio rccovcned aicoliol reaches tlic I’cstoring 
and redenaturing- ]ilaid th(> jiroprietor of llie cstalilish- 
nunitninst de|)osit it in tlio warcliousc' located (hi the prean- 
is(*s, and it must riaiiain in tliis warchonsc until it is ready 
to he re(.listilled and restoi'cd. 

HKCOia) 'I'O HE KIO'T HV I’liO I’l! I iri'OK O I' lil';s'l'OI!l NO I’LA.N'I’. 

See. 14(). Tiie ]U' 0 ]iri<‘lor of the I’l'stoiing and redena- 
Ini'ing plant must keep a record in which lu' shall (niter 
th(‘ date upon wdiieh he i'eeei\’es an>' recovered alcohol. 
In this record lie must give tlu' name and address of the 
manufac'tnrer from wJiom the alcohol was reeei\-ed, tlie 
numhm- of jiaekagos, tin* serial numhers of the packages, 
th(‘ wine and proof gallons. 

1 ^ 1)011 the eri'dit. side lie shall (niter tin* dat(‘ upon which 
he .'ends any rinlenalured alcohol to the inannfaeturer, 
the naiiK' of the nianufaeturer, the mnnher of jiaekages, 
the sm ial numhers of the iiaekagms, the name of the officer 
insjieeting tlie jiaekages, tlu' .serial numhers of the stamps, 
and the wine and proof gallons. 

At the end of the montli and hefon* the Kith day of the 
ensuing month he' must jirtpare and forward to the col¬ 
lector of internal revenue a transcript of this record. Said 
transcript will constitute his return for the month and 
must bo duly sworn to. 


OKEK'KB TO KEEI* liECOHDS AND .MAj,i: liETi; RNS. 

Sec. 147. 4’h(‘ offii'er in <'harg(“ of the ri'storing and rede¬ 
naturing plant must kee]) a record in which he shall enter 
the date ujion which any recovmed alcohol is deposited in 
the warehouse, the name and address of the jiersons from 
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whom Toooivcd, the mmihor of iiiU'knges, the serial num- 
lieis of th(' paekiiji'es, ami tlie wiiic* and proof gallons. 

rpon tlu' credit sich* of this record he shall c:nt<‘r the 
dat(‘ ii|ioii which h<> deli\-eis any alcohol to th(‘ [n'oprietor 
of the i)laid tor r(‘stoi ii:g piiiposcs, the name and address 
of llie iiersoiis fi'om whom the alcohol was r('cci\'cd, the 
iiimiher of packages, the serial numhers of tin* |iacka,ges, 
and the wini- and proof gallons. 

k’loni this r(H‘ord he shall make a report each day to 
the colicctoi', in which he shall show the Tiumher of pack¬ 
ages of ieco\-cred alcohol entered ildo tin* warchonsi> on 
that da*<', th(‘ name ami addi'css ol‘ the peisons from whom 
it was i<'cei\'cd, the setial numheis ol the ]iackages, and 
the wine and proof gallons. 

'I’his I'cpoit shall also show tlu“ (pianlit^' of recoxered 
alcohol d( liccreil fioni ihe warehousi' to the ])roprietoi’ 
(.1 the plant for l■(‘storing purposes, the name and addr(‘ss 
of the jKOsons fioni whom l■ccei^•cd, the serial nmnhers 
of th(' paefages, ami the wiiie and |iroof gallons. 

The alu.V(‘ recoid and rejiort shall he designated as a 
warehouse reconl ami i-oport. 'I’he report shall he nnnle 
at the close of hnsiTiess on each day. .\t the end of the 
month the onic<M‘ in charge of the jilant shall make a 
monthly leport, whicli shall be a transcript of this rccoi'd. 


tjestoukd AiA’onoT^ to im itKAtoxn'.n from cis'if.i.n hoo.m 'io 

DF.NATnnXO ROOM. 

See. 148. A.s fa.st as the alcohol is ro.stored it shall he 
drawn off into ]iackagcs from the cisterns in th(‘ cist('rn 
I'oom and siiall he ganged and ti’ansferred to the denatnr- 
i7ig warehouse and at onc(‘ i‘ede7i;dnred. d’hc'se p.ack.ages 
shall he nmnhered serially, hegin!n7ig witli No. 1 for eiich 
restori7ig i)la77t. 
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EKDEN ATIJUINO WAKKIIOUSE RECORD. 

See. 340. Tlio ofifioor in clintxo <>i' tlio |ilant .sliall koc]) a 
record to be known as the (bniatiiring waii'liouse record, 
in which he> .sliall enler- each day Ihe iiuinher of wine and 
])idot‘ _i>'allon.s of re.storisl al(‘olii)l leceived froin the cistern 
rooni and deiio.sited in the (hniatiirins' wan lionsc*, the nnin- 
her of jiackai'C's, and the serial nnni])(‘rs of the |iacka,yes. 

I’jion the d(‘hit side of lliis recoi'd he shall (niter the 
nnniher of wine and iiroof gallons of alcohol delivered to 
tin* Iiro|iri(‘toi' of the jilant each day for redenaturation, 
the nninhin' of |iacka_<>('s, and the seiial nninlKn' of each 
packayc. 

I'h'oni this I'ecord h(‘ shall make dail> returns showing' 
th(> (piantity of alcohol r(‘sloi(‘d, <>ani;'('d, and deposited in 
tin denatnrinsi' honded warehonse and delivered to the 
prop! ietor of the (dant lor redenaturation. 

lie shall likewise keep a I'ccord of the deiiaturants 
hronc'ht ipion IIk* premises and deposited in the matin iai 
rome. d'his recoi'd shall Is' similar to (he record kept for 
(he s.iine jini'iHisi' at denatinin”' honded warehouses opin'- 
ated in connection with distillei ies. 

ol■'KI('Eri ro ki:f.i’ imm'.XATrRATio.’^ rkcord. 

Se(‘. ].')((. Ida officer shall ki'cp a lecord of alcohol re- 
denatured, fian^'ed, marked, stamped, hranded, and de 
livered to tlie )U'o)n ietor of the restoring' and redenafurinf>' 
plant. 'This record shall he similar to the record Icept 
in deiiatiii in,” warehouses operaled in eonneetion with 
distilleries. 

'I'lie iiacka.n'es of alcohol ri'denatnred at a restoring and 
rc'denaturinji' ])lant must he nnmhered sin ially, he,”inninj;' 
with Xo. 1, and no two iiackaiies must have the same nnm- 
lier. 1'he paekaffi's of aleoliol redenatnr(Hl at restoring' 
and redenaturing ]>lants must he gauged, marked, stamp- 
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ed, Jiild bt'andod iTi the suine manner as sncdi packagres are 
gangtKl, marked, stamped, and branded at denaturing 
bondc'd warehouses oi)erat(‘d in eoniUK'tion with distiller¬ 
ies. 

rpon the liead of the package must be stenciled the 
name' of the ]iropri(‘tor ol' tlie n'storing and redeTiaturing 
plant, the district and State in wliitdi it is located, the 
serial mmd)er of llie i>ackag<“, tlK‘ scuial number of the 
stamp, and the wine and i>roof gallons, and the words 
“ Ih'ilenatured alcohol” must be placed thereon in legible 
hdtei's. 

ALCOiroL SKNT OCT FROM RKOFNATnUNO PLAXTS. 

See. 151. If the alcohol is nalenatured by the use of 
special rlenaturants, tlum the same kind of iiotiees as are 
given to the se\’eral collectors in the case of si)eciall\' de¬ 
natured alcohol sent out from denatiu'ing bondc'd wai'e- 
houses operated in conn<‘etion witli distilleries must be 
prei)ared and forwarded to th(‘ collector. Likewise, the 
manufacturer receiving tlu' alcohol must give a notice to 
the collector of his district similar to that repniied in a 
cas(‘ of speciallv deiiatnred alcohol r(>ceived direc't fi'om 
(hmatuiing bo7ided warehouse', d'he manufacture!' must 
elijirge himself on his lecoi'd with the alcohol received 
in the s;ime mannei' ;is is re(iuii'('d in the case of alcohol 
received direct from denaturing bondeel warehouse. 

COLLKCTOnS TO KEEP KKCOROS. 

See'. 152. (Collectors in whose districts restoring and re^ 
deiuituring jelants are o]reiated shall be i)rovided with 
records in which shall be kejjt the account of each |)lant. 
Tn this rec'ord shall be eutererl the (jufintity in wine and 
])roof gallons of reeovc'red aleohol daily received and d(‘- 
Xjosited in the warehouse at said plant, the number of 
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packages, tliu sei’ial nuiiil)ers of the packages, and the 
nanus <u tin inaiuiiacdircis from wlioin iT'ceived. 

Said record shall also show the (|iiantit.\ of alcohol in 
wine and inoof gallons d(‘liverefl to the proiirietor of th(> 
plant each day to he rest(jrcd, tin' mimes and.addresses 
of till' iH'i'sons from whom received, tlie nnmher of the 
packages, and the serial numhers of the jiai'kagi's. 

Collectois shall also kei'p records similar to those kept 
in case of denatnrin,g honded waiehonsi’s, showing the 
<|nantity of alcohol deposited in said .'edenatiiring ware¬ 
house, the <piantit,\ of denaturants deposili d in tiu' ma¬ 
terial room, th(‘ ipiantil.x" of alcohol and di natiirants dump¬ 
ed each da.v, and the ipiantity of ri (l(‘natui'ed alcohol with¬ 
drawn fi'om the dum]i, gauged, and delix’ered to the de- 
naturer. 

J’msons desiring information as to the operation of 
ilisfilleries for the prodiudion of alcohol will he furnished 
with all till* laws and regulations controlling upon appli¬ 
cation made to colhadors ol’ internal r(«venu(‘ or to this 
Ofiic. . 'I'he scN’eral forms hei'cin jniesei ihed will lie fur¬ 
nished (‘ollectors on reipiisition ; and the Catalogue num¬ 
hers given such forms will he fnriiislK-d at an (>arly date. 

doiiN W. Vkkkes, 

(of Iiiti'i iKil lirreiiue. 

"Phis SeptenilK'r 21), IDOti. 

A]>pro\'ed : 

C. 11 . Kei:c, 

Aclnt() Secretary of the Tiia,snry. 
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<'ontinji()iis i li Inji ;i|)pnijihis for Hie 
of I’MW spirit, ri(>4*309 
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Coolor. (ho. i.’r*.'5 L’.'id 

for lot rnciii In^ vals. 

Ili>sso’s. 270 
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with loo. joqiiiri'd loi,20j; 

<*oin. (Jl. (52 
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Itaiictis, (ho. 07 
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of. iiftou stai'cdi. 5> 1 
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KJVronr.s uiothod of prosorvlnff yoasf 
with lliioric 24H 
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2:22 
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oflrct of alknlii's on 240 

<‘fl'r< 1 of siilnhnrnns acid on. 220 

ox< Ifrrs of. 2 12 2 1 O 

r.xiilin;; mold liinul anil harirria. 

220 227 * 

foamioT. 27."-2iS 
iilstorlra I data of. 200 212 
in I hr \rasi innsh. 2r»S. 2 IjO 
indiulloii of, 10 


l-’n-itirn I a tion In prarlirr, 200-202 
lossrs In. 2S7-2.S.S 
ol hrrt iniir. loO 
ol dt'Miins 2S 

of llir ni.isli. .\ hdd of airohol from, 
2S7-2.S0 

of llir .\<as( mash, drlnanin.tl ion of 
(hr dri;l(’i‘ ol. 201 
prriods. 200-200 
jii'Minls. \alur ol loimi'i. 274 
pin-. 200. 207 

iitoiin((s ohiainrd h\. 24 1. 242 
pioiiMition ol hv laitn arid. 24.2, 

2.4 :. 2 1(217 

rri:ula(ion ot (hr (rmpnatmr dm 

intr, 207 

snl)'.(atirrs rapnhlr ol. 2.‘’.0 
siilisianrrs miniioiis and la\oi-at>h* 
(o. 220. 240 

vai roolin;;. iiio\al>lr. m. 200 274 
I'rnnm(la] iii.asti. drin luina 1 nm o( tlio 
andKv of ihr. 2S4 2S»; 

r.x.immatioii o| On- wl(h (In' sar- 
rlia I oinri i-r, 2Sl 2S"» 
in\"simalion ol (Ih’ 2.S1 2S7 

l-'ninriiird niasln s di-dllalion of alco¬ 
hol fiom, 20.4 .".20 

I'nanrniim’ loom and hMtnrnm-^ \a(s, 
(hr. 27.S 2SO 

loom < oiisi Mill Ion ol (hr. 27s 270 

(|•mp••lalm•r »ooliii;; llir mash lo 

llir. 20 1 20 s 

\als i.*70. 2SI) 

\.its. < oolinu appaialiis for. 207 
\ais. vaiiiish lor. 2ns 
rnamails |0. ,42-10 
rlirini* al. 42 
oi uani/rd. .42 

I'lllrr loi iilminy law .spliii (hrongli 
( ha rrna I. .12." 

J-'irsi 1 iinmnus, 4 10 
(■ issi-.n imiiii. 242 
riasK. ('ailshcr 4 tho, 2 I .'s 
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The New Agriculture 

By T. BYARD COLLINS 


T ins new nnd valuable work sets forth the changes which have taken 
])laee in Aiuericaii agncnltural nictliods whicli arc transforming 
tarni life, formerly so lianl. intf> the most imle])en<letit, ])eaeelul, and 
agieeable existence. Karin life to-day offers more indiieemenls than at 
.m\ previous ])enod in the world’s history, and it is calling millions Iroin 
the (lesk 'I'hc ])resent work is one ot the most ])ia('tu'al treatises on the 
sulijecl which has ever been issued. It lamtains 379 jiages, and 100 illns- 
tralions In i)rief the contents are as ^ollov^s : 

CllA l*'ri-!R 1 —This clia]>ter contains a general statement of the atl- 
\anlages of tarm hie. 

t '11 \l’Tl\R II. deals with the vast systems ot irrigation winch are tians- 
fonning the gieat West, and also hints at an apjilicalloii ot water 
hy artilim.il means in sections of the country w'lierc irrigation 1ms 
not hitherto bet 11 ftmnd necessary 

(.' 11 -\KTi'-R Ilf. gives the pTinci])les and im]>ortance of fertih/ation anti 
the possibility ot inoeulating the soil by means of nitrt>gen-gather 
ing bacteria, 

C’HAP'l'l'iR J\'. tleals with the po])ular awakening to the importance 
ot t'anals and good roads, and then relation to econoniv and social 
w ell-be mg. 

i'11 Al^'l'I'iR \’. tells tjf some new interests which ]>ronuse a pr*.>lil. 
kllAPTKR \'I. gives a des('riplion ot some new liiunau creations 111 the 
]>kinl wM.n'ld 

ClIArTKR \'ll. deal with new Nanelu-^of grain, loot, and fimt, and the 
principles upon which these moilificalioiis are elTccled, and the 
]>o-.si 1 nlities which lhe\ indu'.itt* 

C 11 \ P'J'KK \‘I 11 . <U scril)es improoer methods in agiicnltural practice. 
CH.XPTKR IX IS devoted to new maelinierv b\ which the dnnlgtry 

liu on the taim is being eliminated, making the farm a lactory and 
the farmer t!ie manager ot it. 

'I'lie relation of a bod\ of s])ecialists to the American farmer who can I'.ave 
tlic most i“\p«.rt advice upon everv phase of Ins work without aiiv 
expense w lialcver himself is show 11 ni ClI.\P'rKR X 
'Phis most inlereslnig aiul nislinclive book is innile<l o'l recei])l ot the 
]»nce, $2 00 Sc nd lor illustrated ]>ios])eclus. 
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THE SCIENTIFIC AMERICAN 

CYCLOPEDIA 

of ReceiptSp Notes O Queries 

15,000 Receipts - 734 Pages - Price $5.00 

Mailed to any Part the World* Leather Sindings as Follows : 
Sheep* $6.00 Ha.lf Morocco* $6.50 ^ R.evised Edition 


SCIENTIFIC AMERICAN CYCLOPEDIA OF RKCKIPTS, 
1 NOTF'S AND QUHRlKvS was first published in the autumn of 1S91. 
It was well received by the press, came quickly into the favor of purchasers 
and has had an unprecedented sale. It has been used by chemists, tech- 
iiologists, and those unfamiliar with the arts, with equal success, and has 
demonstrated that it is a book which is nsefnl in the lal)orat()ry, factory 
or home. It consists of a careful compilation of the most useful receipts, 
and information germane to the scope of the book, which have appeared 
in the SCIENTIFIC AMERICAN for more than 
half a century. The Publishers now take pleasure 
in offering the Twenty-fifth Revised ICdition, which 
has been brought up to the latest requirements by 
the insertion of 900 new formulae, making it the 
latest and most complete volume on the subject of 
receipts ever presented. Over 15,000 selected form- 
uhe are here collected, nearly every branch of the 
• useful arts being represented. Many of the prin¬ 
cipal substances and raw materials usetl in the arts 
are described, and almost every incjuiry relating to 
formulie will be found answered. It is more than 
a receipt book, as in most cases it gives all the 
standard and special formukc, thus enabling the 
reader to find a receipt which fits his peculiar need. 

An alphabetical arrangement with abundant cross 
references makes it an easy work to consult. Those 
who are engaged in any branch of industry will find this book of the 
greatest practical value, and we especially commend it to those who are iu 
search of an independent business, as they will find many fonnube for the 
manufacture of .salable articles which will be worth many times the cost 
of the book. The Appendix contains the very latest forniuhe as well as 41 
tables of weights ami measures, anil a dictionary cf chemical synonyms. 
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SCIIlNTiriC AMERICAN 

Xhe Most Popular Scientific Paper in the World. Established 1843 


This unrivaled periodical is now m us 
Slxt>*Second year, ami owuiff to iis e\ei- 
increasint; populariu, it enjoys the l.ujr 
est circulation fv«. r ultaiiied by any--t icii- 
tific publicaiion Kvci v nuinbor conl.uns 
sixteen large pnc's, o’-aulilully prinletl, 
liandsoincly illusiraieil ; it piescnts in 
popular style a <lesirnMi\e recotd of the 
most novel, iiiteiesting am! important de- 
velopmeiits in Scu nce, Aits, and Mami- 
iacuires It shows the progress ot ihe 
World 111 respect to New l>isco\eru s ami 
Iiuprovenicnis. tonbiacing Machim i \. M< - 
clianical Woiks, T-jigimeiing in all its 
branches. Chemistry, Metallurgy. KUctri- 
city, I.iRht, Heat, Architecture, Domestic 
l*'cononiy, Aunculture, Natural Ilistoiv, 
etc It abonmls in flesh ami iiilerestihg 
subjects for <liscnsston, tlnaight or study 
1 provides material lor <.xi*crimcnt at 
ln)mcaml in the lalioiatoiy, ami it enables 
111 intelligent reader to'krip informed 
n to the industrial ami scientific develo)- 
ment of the country 'I'o the inventor it 
IS invalii.ible, as every iiutnb<r contains a 
complete list ol all patents and trade-mai ks 
issued weekly from the Patent office It 
promotes Imtiistry, Progress, Thiilt ami 
Intelligence in c\erv coiiimniuly wheic it 
circulates 

The SciENTii ic Amkkicvn shouUI have 


a place m every Dwelling,’ Shop. Office, 
Seiiool or I^ibrary. Workmen, t'oreiiien. 
I’higmeers, Superiiitemlenls, Directors, 
Presuleiiis, Officials, Merchants, Farmers, 
Teacluis. Dnwytrs, I'hysici.ins, Clergy¬ 
men, peojile in every walk and profession 
111 lile, w ill derive satj‘-la<’ti()n ami benefit 
1 roiii a regular readihg of the Scientific 
American, >’ 

As an instructor’for the \oung it is (d 
pecuhai advantage. I'ry It SuhscrilK* toi 
yourself- it will bring j on valuable ideas , 
subscribe for your sons- it w ill make them 
i manly and self-reliant. subscribe for >onr 
• workmen it will pk-iise and assist their 
I lalror , Mibsci il)f fOr your ft lemls— it u ill be 
I liki ly to gi\ e the III a practical lift iii Iite 
! If you want to know inoie aboiit the 
! paper veoul for /'i/tr.u A'/</'f*//.v II h\ I'nu 
Should Sub$i.»thf to t/if' .S/ u nh III .-I )Hi t u a ft,"' 

I ami ff)i AVv/\(///.\ ////!■ /h.iu/oh 

\ .should Siih^ii thr io thr Siuntifii Antiiuuii ” 
Fifty-iw o immbi 1 s make* c./i latge jiagts, 

' e»iiMl ti) ,t, 70 i iiulinaiy magazine i«iges, 
and i,ouo i llusti aliens aie j>ublish< d e.ich 
Near. Can\oii ami yonr Iriends aftoril to 
I be without ibis np-‘o-<latc periodical which- 
J IS I cat! b\ t vt T\’class aiul profession ^ Re ¬ 
mit by postal Older or check for a 

; year's siibscnplioii, ot aO lor six months. 
Weekly S3.00 a Year; $ 1.60 Six Months 


AMERICAN HOMES 
and GARDENS 

A X eimueiitly jiraotical magazine devoted to the home\ us snrrounditigs, and countiy 
life in gcm ral It appeals to every one who has a countiy place or is about to have 
one or who has aiiv love tor country life, it ap}>eals to the wonicii of the family 
because ot Its praelual suggestions in n gard to the hous< , its decorations the art.mge- 
ment of fuinitnrc, the ganlen ami how it can lust belaid out, what dowers should be 
planted at ce rtain seasons, and how inexpensive housgsean he ein be llislu <l bywimk.w 
lioxes, creeping vines, ami well grouped slmibs and trees. Iksules the articles of a 
utilitarian character, many others are published which stamp “ Aim ricati Homes and 
(ianieiis ” as a magazine of conmiy life and nature '1 he- broad cliatacter of the publica¬ 
tion accounts for the gre-at populanty it has altaineel in a short time. K.ich number con¬ 
tains ^2 pages, measuring lol.. x 14 inches, ami has a handsome color< cl cover, the design 
of which changes with each issue. The subscription jirice is rxi a ycat , ‘iingle iium- 
bers. 25 cents. In order that those who are uiifamilar with this puhhVaiion may obtain 
an idea ot itsconteiits, we will send three back numbers on reef ipt ol cents. 

Aiivenc2Liv Homes a.i\d OaLfdeivs 

should have a place in every home. We can supply single cop.es and 
also take subscriptions Price ^ 3.00 .u’year, single numbeis, 25 cent.s. 

MUNN ^ COMPANY. PxiblisKers 

361 Broadway, New YorK 





